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PREFACE

The purpose of this manual is to provide a means by which a user may
apply the snowmelt-runoff model (SRM) unaided. To this effect, model
structure, conditions of application, and data requirements, including
remote sensing, are described. Guidance is given for determining various
model variables and parameters. Possible sources of error are discussed and
conversion of SRM from the simulation mode to the operational fore-
casting mode is explained. A computer program is presented for running
SRM which should be easily adaptable to most systems used by water
resources agencies.

In view of the variety of snowmelt conditions that may be encountered,
it is not possible to foresee all situations in which the model may be
applied. The authors will be glad to assist users with specific problems
that may not be answered by the manual.

Special gratitude is extended to the Goddard Space Flight Center and the
Federal Institute for Snow and Avalanche Research for their support of
this international scientific cooperation.
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THE SNOWMELT—~RUNOFF MODEL (SRM) USER’S MANUAL

J. Martinec
Federal Institute for Snow and Avalanche Research
Weissfluhjoch/Davos, Switzerland

A. Rango
Goddard Space Flight Center
Greenbelt, Maryland

E. Major
Research and Data Systems, Inc.
Lanham, Maryland

INTRODUCTION

The snowmelt-runoff model (SRM; also referred to in the literature as the‘“Martinec Model” or
“Martinec-Rango Model’) is designed to simulate and forecast daily streamflow in mountain
basins where snowmelt is a major runoff factor. SRM was developed by Martinec (Reference 1)

in small European basins. With the advent of satellite snow-cover data in the 1970s, it became
possible to test SRM in larger basins. Using Landsat data the model was successfully applied to
various basins in the U.S.A. (References 2,3, and 4). Figure 1 illustrates the relative size of some of
the basins in which the model has been tested so far. Based on these tests, the model was adapted
to a wide range of basin and data characteristics.

RANGE OF CONDITIONS FOR MODEL APPLICATION

Basin Conditions

The size of the basin to which SRM is applied does not yet seem to be a limiting factor. The

model so far has been used on basins ranging from 2.65 km? to 4000 km? (Kings River, California;
Reference 5) with no serious problems encountered. As pointed out by Rango and Martinec
(Reference 6), however, the accuracy of simulation generally decreases as the basin size increases
because of sparse hydrometeorological data networks.

As already mentioned, SRM is to be used in a mountain basin with significant snow accumulation.
The total basin relief (amplitude of elevation) encountered on watersheds tested so far has ranged
between 350 and 4000 m. No problems are envisaged in application of the model to basins with
a greater total relief, however, in basins with less total relief problems may arise due to the fact
that SRM may not be applicable to non-mountain basins.

SRM has been used in mountain basins ranging in climate conditions from humid to semi-arid
with no serious limitations. It seems, however, that simulations tend to be less accurate when
there are significant amounts of rainfall during the snowmelt period.



KINGS RIVER
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Figure 1. Area and total basin relief (AH) of a selection of basins in which the snowmelt-runoff
model has been applied.
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Data Quality

The model requires good daily air-temperature and precipitation data and periodical monitoring of
snow—covered area in the given basin by satellites, aircraft, or visual observations. Long term
historical data sets are not necessary (but helpful, if available) because little or no optimization
(calibration) of the model parameters is necessary. The model can be run with as little as 1-2
years of record.

Daily discharge data from the basin are required to determine the recession coefficient and, other-
wise, only to evaluate the accuracy of simulation. The discharge preceding the start of the snow-
melt season (winter baseflow) must be known or estimated for initializing the model. Past continu-
ous discharge records (hydrographs), if available, are useful to determine the time lag between the
temperature and discharge cycles.

The optimum conditions for accurate simulation of runoff have been identified as follows
(Reference 6): (1) temperature and precipitation are recorded at the mean elevation of the basin
inside the basin boundaries (or at the zonal mean elevation for large basins); (2) snow cover is
available reliably once per week to detect short-term variations in zonal areal extent; (3) several
climatological stations are available for large basins, especially in areas with frequent summer
precipitation events; and (4) several years of daily runoff records have been acquired for the
determination of the recession coefficient. Decreases in accuracy will be expected as these optimum
conditions are compromised. However, acceptable simulations will result even under the following
minimum conditions; (1) temperature and precipitation data are observed outside the basin at a
considerable horizontal and vertical distance; (2) snow-cover observations are only available two
to three times during the snowmelt season; (3) climatological observations are not possible at
multiple stations; and (4) no runoff records are available so that the recession coefficient must be
estimated from the basin size (see section Recession Coefficient).

MODEL OUTPUT PRODUCTS

In the simulation mode, SRM produces daily discharge values from the start until the end of the
snowmelt period (usually 1—6 months) using the actual sequence of temperatures and the deple-
tion curves of the snow coverage obtained from snow—-cover monitoring. Because updating is not
necessary, no measured discharge values are required. Consequently, simulations can serve not
only for model testing but also serve to establish discharge series in ungauged basins. Instead of
real temperatures, hypothetical values can be substituted in order to simulate, for example, the
effect of future changes of climate on the runoff. Seasonal volume simulations are obtained by
summing the daily flows over the period of interest. Outside the snowmelt period, SRM can be
operated but careful attention must be paid to the runoff coefficients in which are included the
effects of evapotranspiration and soil moisture which are not as important during snowmelt.

For operational short-term discharge forecasts, SRM is run with similarly short-term temperature
and precipitation forecasts and extrapolations of the snow-cover depletion curves. The forecasting
period can be from 1 day to several weeks depending on the range of temperature forecasts. In
such a forecast mode, periodical updating with actual temperatures and discharges and with recent
snow—cover information is desirable. The model can also be used for seasonal forecasts of the
expected runoff volumes ranging from several weeks to the total duration of the snowmelt season.
Such forecasts are based on medium-range prediction techniques, climatological records, or on
statistically determined sequences of temperatures and precipitation. An extrapolation of the
snow-cover depletion curves taking into account the forecasted temperatures is also required.



MODEL STRUCTURE

Each day during the snowmelt season, the water produced from snowmelt and from rainfall is
computed, superimposed on the calculated recession flow, and transformed into the daily dis—

charge from the basin according to Equation (1).

A - 0.01
Que1 =y lag (T +AT)S, +P 1 e = (1 —kyp )+ Qq Ky @
average daily discharge in m3s~1

where Q=

¢}
1

= garea of the basin or zone in m

runoff coefficient expressing the losses as a ratio (runoff/precipitation)

degree-day factor (cm .ocl. d'l) indicating the snowmelt depth resulting from
1 degree-day

number of degree-days (°C+d)

the adjustment by temperature lapse rate necessary because of the altitude differ-
ence between the temperature station and the average hypsometric elevation of the
basin or zone

ratio of the snow-covered area to the total area

precipitation contributing to runoff (cm). A preselected threshold temperature,
TcRriT, determines whether this contribution is rainfall and immediate.
2

conversion from cm * m2 +d!tom3 - 57!

recession coefficient indicating the decline of discharge in a period without

snowmelt or rainfall: k =—~m*1

m
(m, m+1 are the sequence of days during a true recession flow period)

sequence of days during the discharge computation period. Equation (1) is
written for a time lag between the daily temperature cycle and the resulting
discharge cycle of 18 hours. As a result, the number of degree-days measured
on the nth day corresponds to the discharge on the nt1 day. Different lag times
will result in the proportioning of day n snowmelt between discharges occurring
on days n, n+l and possibly n+2.

Data available in English units can be converted into the SI system and vice versa by the following
conversion factors:

Conversion Factors

Q[m3s7!] = 0.02832 Q[ft3 s71]
Qlft3 s71] = 3531 Q[m3 s71]
Alkm?] = 2.59 A[mi?]
Al[mi?] = 0.386 A[km?]
T[°C * d] = 5/9 TI(°F—32) - d]

9/5 T[°C + d]

TI(°F-32) +d]



afem-°C-1-d-11 = 4.57a[in-(°CF=32)"! - a°1)
alin*(°F=32)"1-a-11= 0.22 a[cm-°C~!.d-!]
Plcm] = 2.54 P[in]

P[in] = 0.39 P[cm]

For Qin ft3 571, ain in - (°F~32°) - d~!, T in (°F—32°) - d, P in in and A in mi2, the conversion
constant 0.01/86400 in Equation (1) becomes 2323200/86400. For A in ft2, the conversion
constant becomes 0.0833/86400.

In Equation (1), T, S, and P are variables to be measured or determined each day; whereas, c, a, k,
and AT are parameters which are characteristic for a given basin or, more generally, for a given
climate, The parameters are evaluated before hand from actual data, observations, or prior know-
ledge, or they are estimated by analogy from other basins. In addition, the area~elevation curve of
the basin is required in order to determine the altitude difference for the extrapolation of
temperature. If the elevation range of the basin exceeds 500 m, it is recommended to divide the
basin into elevation zones of about 500 m each. For an elevation range of about 1500 m and three
elevation zones A, B, and C, the model equation becomes:

A, +0.01

Qn+1 = Canlagn (T +ATL)Sp, +Pyyl SAMT

Ag * 0.01
86400
Ac * 0.01
86400

CBn [aBn (Tn + ATBn) SBn + 1:‘Bn] (2)

ccn lacn (Ty + ATcp) S¢y + Pyl (1 =Ky 1) +Q kg
The indices A, B, and C refer to the appropriate elevation zone, and, again, a time lag of 18 hours
is assumed.

In the simulation mode, the model can function without updating during the snowmelt period.
The discharge data serve only to evaluate the accuracy of the simulation. In ungauged basins the
simulation is started with a discharge estimated by analogy to a nearby gauged basin. In the
forecasting mode, if the discharge data are available, the model provides an option for updating
on a periodic basis with actual discharge.

DETERMINATION OF MODEL VARIABLES AND PARAMETERS
Basin Characteristics
Basin and Zone Areas

The basin boundary is defined by the location of the streamgauge (or some arbitrary point on the
streamcourse) and the watershed divide as identified on a topographic map. The basin boundary
can be drawn on a variety of map scales. For the larger basins, a 1:250,000 scale map is adequate.
- After examining the elevation range between the streamgauge and the highest point in the basin
(total basin relief), elevation zones can be delineated in intervals of about 500 m or 1500 ft. In
addition to drawing the basin and zone boundaries, several intermediate topographic contour
lines should be highlighted for later use in constructing the area-elevation curve. Once the
boundaries and the contours have been determined, the areas formed by these boundaries should
be planimetered, manually or automatically. Figure 2 shows the elevation zones and areas of the
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South Fork of the Rio Grande basin in Colorado, U.S.A. The elevation range of 1408 m dictated
the division of the basin into three elevation zones. Once the zones are defined, the various model
variables and parameters are applied to each zone for the calculation of snowmelt runoff. To
facilitate this application, the mean hypsometric elevation of the zone must be determined through
use of an area-elevation curve.

Area-Elevation Curve

By using the zone boundaries plus other selected contour lines in the basin, the areas enclosed by
various elevation contours can be determined by planimetering. These data can be plotted (area
vs. elevation) and an area—-elevation (hypsometric) curve drawn as shown in Figure 3 for the South
Fork basin. The zonal mean hypsometric elevation, h, can then be determined from this curve

by balancing the areas above and below the mean elevation as shown in Figure 3. The h value is
used as the elevation to which base station temperatures are extrapolated for the calculation of
zonal degree-days. '

Variables
Temperature and Degree-Days

Although a minimum of one temperature station is required in order to apply SRM to a given
basin, the ideal situation would have temperature measurements made at the h of each elevation
zone. As this is usually not the case, the location of one temperature station at the mean hypso-
metric elevation of the entire basin would be desirable. Both of these situations minimize the
vertical distance that temperatures would have to be extrapolated for application in the model.

If this is not possible, the use of two stations, one at the bottom of the basin and one near the top
would permit computation of an actual temperature lapse rate to be used in extrapolation to the
various zones. Usually, however, data from only one temperature station at low elevation, and
many times not even located inside the basin, must be used to calculate the degree-days for melting
snow in the lowest to the highest elevation zones of the basin. When one station is used, a lapse rate
has to be assumed in order to extrapolate degree-days from the base station to the appropriate
mean hypsometric elevation.

Air temperature expressed in degree-days is used in SRM as an index of the complex energy
balance leading to snowmelt. At stations where hourly readings are made, the number of degree-
days for each 24-hour period is determined by summing the hourly temperatures and dividing by
24 and using 0°C as the base temperature. Where only maximum and minimum temperatures
(T, ax> Tmin) are available, the number of degree-days (in°C) is determined as

T + T
T= max2 min 3)

The degree~day figures refer to the 24-hour period starting at 0600 hours with the corresponding
discharge referring to periods shifted according to the time lag of the basin. As indicated by
Linsley, et al. (Reference 7), all negative differences in the degree-day values in Equation (3) are
taken as zero. :

There are several methods for dealing with the actual temperatures used in calculating the degree—
day value. When using the max—min approach, the most common way is to use the temperatures
as they are recorded and calculate the average daily temperature. Garstka, ef al. (Reference 8),

however, indicate that in many parts of the mountainous western United States the fluctuation of
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temperatures, especially the depression of the minimum, is very large so that the average temper-
ature will many times turn out to be below 0°C indicating no degree-days. Even so, during part
of the day snowmelt conditions may have prevailed due to temperatures reaching as high as 10—
15°C. In order to counteract this problem, an effective minimum temperature approach can be
used. In essence, whenever T | in <0°C it becomes T, in = 0°C before being entered into
Equation (3). It appears that this approach gives a better representation of the heat factor for use
in snowmelt-runoff studies (Reference 8). Treating minimum temperatures below the freezing
point as 0°C can also be employed when using hourly temperatures to calculate the degree-days.
If all hourly temperatures of both T_ . and T, ., are below 0°C, however, then the degree-days
are taken as zero. It is recommende{i1 to use the e?fective minimum temperature approach for
calculating degree-days for use in SRM. The model and computer program can also accept the
average temperature approach, however, if the user feels that it better represents the snowmelt
conditions in a given basin.

The degree-days are extrapolated to an elevation zone by using a suitable lapse rate, §, and the
following equation.

where

>
—
|

= temperature lapse rate correction factor in °C

(=]
Il

temperature lapse rate in °C per 100 m
hgr = altitude of the temperature station in m

=y
1

zonal hypsometric mean elevation in m

The temperature lapse rate must be carefully determined, especially if the observation station is
situated at a low altitude and the extrapolation of degree-days is made in only one direction
(upwards). The lapse rate should be indicative of the mountainous region where the basin is
located based on some kind of prior climatic knowledge. As the snowmelt season progresses,
lapse rates may change depending on the basin. Such changes can be instituted every 15 days in
SRM, if necessary. When applying SRM it is advisable to conduct a regional analysis of monthly
lapse rates to determine the seasonal variation. In some cases it may be necessary to modify the
mean monthly lapse rates obtained in such an analysis because of basin peculiarities (such as
frequent temperature inversions) or an abnormal climatic progression in a particular year. In
basins with little seasonal variation, a lapse rate of 0.65°C/100m has been found to be adequate.

Precipitation

It is even more difficult to obtain adequate precipitation data for a mountain basin than to obtain
temperature data. The extrapolation of precipitation amounts from one or more base stations to
zones in the basin must be done based on user knowledge of the study area. Location of a pre-
cipitation station at the mean hypsometric elevation would be the optimum situation.

If precipitation is determined to fall in the basin on a given day, a critical temperature, TcriT,
must be examined to determine whether the precipitation is rain or snow. TRyt is usually selected
to be slightly above the freezing point and may vary from basin to basin. The distinction between
rain and snow is important in SRM because the rain contribution to runoff is on the same day
that the rain occurs, whereas the snow contribution to runoff is delayed.



When the precipitation is determined to be snow, its delayed effect on runoff is treated differently
depending on whether it falls over the snow-covered or snow-free portion of the basin. The new
snow that falls over the previously snow—covered area is assumed to become part of the seasonal
snowpack and its effect is included in the normal depletion curve of the snow coverage. The new
snow falling over the snow-free area is considered as precipitation to be added to snowmelt, with
this effect delayed until the next warm day. This precipitation is stored by SRM and then melted
as soon as a sufficient number of degree-days has occurred. This may take place on the first day
warm enough to produce snowmelt or on a series of days. The following example in Table 1
illustrates a case where 2.20 cm water equivalent of snow fell on day n and then was melted on

the three successive days.

Table 1. Calculation of the melt of new snow deposited on a snow~free area
(P, =2.20cm; Togpyt = +1.0°C)

a Melted P P contributing
Day T S P Depth Stored to Runoff
(cm-°Cc-l-a-ly (°C-a) (cm) a - T(cm) (cm) a-T- (l—S)(Cm)
n 0.45 0 0.72 2.20 0 2.20 0
n+l 0.45 0.11 0.70 0 0.05 2.15 0.02
n+2 045 2.70 0.68 0 1.22 0.93 0.39
n+3 0.45 3.70 0.66 0 0.93 0 0.32

In this example, S is decreasing on consecutive days because it is interpolated previously from the
snow-cover depletion curve. In reality it should remain constant as long as the seasonal snowpack
is covered with new snow, however, the model currently uses the incremental decrease of S shown

in Table 1.

When the precipitation is determined to be rain, and it falls on a snow-free area, it becomes
available to contribute to runoff immediately. When rain falls on snow, however, its effect on
runoff depends upon the condition of the snowpack. Early in the snowmelt season rain falling on
the snowpack is assumed to be retained by the snow, which is mostly dry and usually deep. This
rainfall is not available for runoff. At some stage during snowmelt the snowpack is assumed to be
ripe (the user must decide when), and any rain falling on the snow is transferred through the
snow layer and becomes available to contribute to runoff the same as over the snow~free area.
Both of these options are included in the computer program. In SRM the melting effect of rain-

fall is neglected.

Snow Coverage

The snow-cover variable, S, of a zone or basin is usually obtained from a depletion curve for input
into SRM. A variety of sources of snow-cover data can be used to compile the depletion curves
including ground observations (used for Modry Dill), aircraft photography (Dischma), and satellite
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imagery (all the large basins). If the data are available, it is recommended that satellite imagery be
used since it is the easiest to analyze and also quite accurate depending on basin size (area mini-
mums for various satellites: Landsat-10km?; NOAA-VHRR-200km?; and GOES-1000km2).

To assist in the use of satellite imagery for snow—cover interpretations, a handbook of analysis
techniques is available (Reference 9). Additional information on snow-cover interpretation
techniques for Europe is given in Reference 10.

Photointerpretation of satellite snow images is used to delineate the snow line on a base map of
the study basin (see Figure 2), and the area enclosed by the snow line in each elevation zone is
planimetered to obtain the snow—covered area. The snow cover by elevation zone is then plotted
against elapsed time to construct depletion curves such as those shown in Figure 4 for 1976 in
the South Fork basin. For the snowmelt-runoff simulation, daily snow~cover values are taken
from the depletion curves and input to SRM. '

Snowstorms occurring during the snowmelt season can result in a temporary increase of snow cover,
but generally with no significant hydrologic effect. The duration of this increase is usually shorter
than the interval between snow-cover observations. If the snowstorm occurs shortly before the
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Figure 4. Landsat-derived snow—cover depletion curves for the South Fork of the Rio Grande
basin for elevation zones, A, B, and C for 1976. Landsat snow—cover observations are plotted.
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snow-cover observation, however, it may lead to the interpretation of exaggerated snow~covered
areas and a distortion of the true depletion curves of the seasonal snowpack. It is recommended
that such anomalous snow-cover values be disregarded and that the depletion curves be drawn
only with reference to the snow cover accumulated before the beginning of the snowmelt period
(seasonal or “old” snowpack), as illustrated in Figure 5. Precipitation and temperature records
should be consulted in order to identify these transitory snow events when drawing the depletion
curves. The transitory new snow is accounted for as stored precipitation eventually contributing
to runoff as explained in the previous section.

In rare cases massive summer snowstorms can affect the snow coverage for several weeks. If such a
situation is revealed by subsequent satellite data, it may be preferable to draw the depletion curves

DEPLETION CURVES OF THE
SEASONAL SNOW COVER

=== DEPLETION CURVES DISTORTED
BY INCLUSION OF 19 JUNE NEW
SNOW IN ANALYSIS
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Figure 5. Seasonal and distorted depletion curves of snow coverage in the Dinwoody Creek basin,
Wyoming, U.S.A. for elevation zones A, B, C, and D. A snow storm of 17—18 June
deposited several cm water equivalent of new snow preceding the Landsat overpass of
19 June. The new snow in zones B and C was melted in 2—3 days.
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according to this actual snow coverage, Because of this modification to the depletion curves, the
model will melt more seasonal snow than before, but the amount of stored or new precipitation
will be automatically reduced.

If runoff forecasts at the beginning of snowmelt are desired, a new approach must be used because
the actual snow-cover depletion curves are not available, and in many cases, the snow—cover extent
doesnot differ greatly between a dry and a wet year. The South Fork basin (559 km? ) in Colorado
was studied as an example. Although the runoff in the snowmelt season of 1979 was six times
greater than it was in the drought year of 1977, there was little difference in the snow-cover ex-
tent of the upper elevation zones of the South Fork basin on 1 April. To provide a means for
forecasting runoff, it is suggested that the depletion curves that normally relate the areal extent of
the snow cover to elapsed time be modified to relate the snow coverage to the accumulated degree-
days (Reference 11). This procedure is discussed in more detail in the chapter on Operation of

the Model for Real-Time Forecasts.

Parameters

Runoff Coefficient

The average value of the runoff coefficient, ¢, for a basin for a year is given by the ratio of annual
runoff/annual precipitation. It should be pointed out that because of a measurement catch deficit,
rain gauges frequently underestimate winter precipitation (snow) in mountain basins. As a result,
artifically elevated values of ¢ may be calculated. In such a case, a synthesis of data from repre-
sentative basins should provide guidance for assessing c in the absence of reliable, direct measure-
ments.

Because the runoff coefficient is likely to vary throughout the year as a result of changing veget-
ation and soil moisture conditions, the SRM computer program permits changes in ¢ every 15 days.
Usually, c is higher for snowmelt than for rainfall. Therefore, the model can handle different run-
off coefficients for snow, cg» and for rain, cy,, as determined by the user. In basins studied, when
snowmelt is concentrated in a short time penod cq can approach 1.0. With prolonged snowmelt
runoff in a semiarid region, Cg may go down to 0% In addition ¢ will vary from zone to zone in
a basin, and SRM has the capability to handle different c values by zonal input. It is possible that
with rain falling in the low elevations of a semiarid basin, cp may be 0.2, whereas at the same
time in the high elevations with snow still melting, cqc can be 0.9. The selection of ¢ requires first
hand knowledge of the basin and its hydrologic behavior under different hydrometeorological
conditions.

Degree-Day Factor

The degree-day approach is used as an index of the energy balance and the degree-day factor, a, is
used to convert degree-days to snowmelt expressed in depth of water. The degree—day factor is
variable throughout the melt period because the changing properties of snow influence the melting
process. It is possible to measure the degree-day factor at a point using temperature measurements
and a snow pressure pillow or lysimeter. The simultaneously accumulated degree-days and melt at
a pressure pillow can be compared to calculate the degree-day factor for different times during the
snowmelt season. Daily values are extremely variable so it is recommended to use a minimum of
3-5 days for averaging the degree-day factor. In addition, point measurements cannot be easily
extrapolated to large areas. The point measurements can be used for information and then weighted
depending on how well a specific station represents the hydrologic characteristics of a given zone
(Reference 12).
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In the absence of detailed data, the degree-day factor can be obtained from an empirical relation
developed by Martinec (Reference 13):

a=115% (5)
Py
where a = the degree-day factor in cm ocl . g-1
ps = density of snow
py, = density of water

The general seasonal increase in pg can be used as an index of the seasonal increase of . Large
variations are expected if the melt season is long or there is a large difference in elevation in the
basin. For Dinwoody Creek in Wyoming, a was gradually increased from 0.35 on 1 April to 0.60
on 30 September in the highest elevation zone (Reference 2).

A wide range of a values has been reported in the literature with @ generally increasing as the snow-
pack ripens. There have been extreme values as low as 0.07 cm » °C~1 + d~! and as high as 0.92
cm « °C-1 « d-1 reported (Reference 14), however, during the snowmelt season for undisturbed
snow, the range is about 0.25 — 0.60 cm + °C~! - d-1 . The fact that increasing a is related to
increasing snow density as snowmelt progresses is in response to a number of factors. A greater
density is usually associated with older snow with a lower albedo, thus a higher a value. In addition,
high densities toward the end of the snowmelt season are also associated with increased liquid
water content and low thermal quality of the snow. Because of these expected seasonal changes

in a, SRM is structured to allow modifications of a every 15 days, if necessary. Because of different
stages of snowpack ripening in different elevation zones, a can also be varied between zones.
Sometimes the occurrence of a large, late season snowfall will produce depressed a values for
several days due to the new low-density snow. The a values in the model can manually be modified
and inserted to reflect these unusual snowmelt conditions.

Recession Coefficient
The recession coefficient, k, depends upon the current discharge in the following way:

kn+ = xQ7 (6)

where Q is the daily discharge and the constants x and y must be determined for the given basin.
For this determination, daily discharge values for the snowmelt season or the whole year are used.
The discharge on a given day, Q_, is always plotted against the value on the following day, Qn+1»
as illustrated in Figure 6 for therbischma basin in Switzerland. In Figure 6 any points above the

1 to 1 line refer to the rise of the hydrograph and the points below the line to the fall of the
hydrograph. For purposes of this model and derivation of the recession equation, only points
below the 1 to 1 line need to be plotted. Once these points have been plotted, an envelope line as
shown in Figure 6 can be drawn to enclose most of the points. The lower envelope line represents
the extreme discharge decline, i.e., the recession without any partial delay by possible precipitation
or snowmelt. It is not recommended, however, to include all points inside this envelope at any cost,
especially in the lower range of discharges. The reason for this is that some discharge values may be
affected by non-typical phenomena such as icing conditions in the winter or the timing of rainfall
which in a particular storm results in an abrupt decrease of discharge from one day to the next.
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Figure 6. Recession flow plot, Q_ vs Q, ; 1, for the Dischma basin in Switzerland with the
lower envelope line drawn.

This lower envelope curve has been found to be valid on small size basins. When the model is
applied to larger basins, however, it is recommended that the lower envelope curve be replaced
with an average curve halfway between the lower envelope line and the 1 to 1 line. An average
curve would also result from a least squares fit to the points, although the extra effort may not be
justified. The average curve should probably be used on basins greater than about 50 km?2. For
year-round simulations, it was found useful to derive the constants x and y for Equation (6)
separately for the summer and winter half year. '

For the Dischma basin (43.3 kmz) the lower envelope curve is shown in Figure 6. The constants
x and y needed in the recession equation are computed by reading off a pair of recession co-
efficients (k, k,) from Figure 6 corresponding to discharges Q; and Q, and by solving the
following equations:
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kl = X.Qly N

k2 = X - sz (8)
logky = logx+ ylogQ, 9)
logk, = logx + ylogQ2 (10)

If the discharge range allows selection of Q; = 1.0 m3sec™! and Q, = 10.0 m3sec! the solution
is simplified and Equations (9) and (10) become:

logk; = logx
X = kl
logk2 = logx+ty
y = logk, ~logk;

For the Dischma basin in Figure 6,

= 0.85(forQ; = 1.0 m3sec‘1)
0.697 (for Q, = 10.0 m3sec™!)

Nw l—lw
] |

0.85
log 0.697 — log 0.85 =—0.086

The recession equation for Dischma using the lower envelope curve thus becomes

k, = 0.85Q;0,086 (11)

n

For comparison of the recession equations of some of the previously studied basins, Figure 7 shows
the plots and equations for five selected basins.

If no discharge data are available for a basin, recession coefficients can be estimated using the
following formula (Reference 15):

4
kg, = kg V Ag;/Agp; (12)

where Ap, and Ag, are the respective areas of the basins B1 and B2 and kg 1 and kg, are the
recession coefficients for the corresponding runoff conditions, e.g., the average discharge, in both
basins. If the constants x and y are known in basin B1, it follows that for basin B2:

_ Qp; ye1] VAs1/Ap2
kpon = |XB1

'Q; Qpan-1 (13)
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Figure 7. Relation of k and Q for basins of various sizes.

For example, if x = 0.85 and y = - 0.086 have been derived for the Dischma basin, a relation for the

Kings River basin is obtained by substituting Qpygcama = 1.69 m3sec~!, Qgngg =61.3 m3sec-1,
ApiscaMa = 43.3 km?2, and Agyngs = 4000 km2 into Equation (13).

_ 1.69 -0.086 | /23374000
kpan = [085\513 @B2n-1
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_ ) _0.086 | 0.3226
kpan = [0-85 - 136 Qs |

— -0.086 | 0.3226
kgon = [1.15 Q0058
_ -0.0277
k, = 1.046Q7"" (14)

Equation (14) is the recession equation for the Kings River basin using the lower envelope curve as
derived by the size relationship of Equation (12). Because of the size of the Kings River basin,
further analysis is needed to yield the recommended average curve for the type of plot shown in

Figure 6.

Using this approach, SRM could be used to simulate discharge in ungauged basins. The equation
for the recession coefficient of an ungauged basin could be obtained from utilization of Equation
(12) and the recession data from an already studied basin. The simulation would start on the
first day of the snowmelt period by substituting a value for Qg corresponding to the winter base-
flow into Equation (6) to calculate k. The winter baseflow value may be estimated by analogy
with another basin or by measuring the discharge. Then k; and Qg are substituted into Equation
(1) to calculate Q. Once the computation has started, subsequent k values are determined each
day from Equation (6) by substituting computed values of Q.

Time Lag

Equations (1) and (2) correspond to the most simple case of a time lag of 18 hours. In this case,
the temperature rise at 06:00 hrs results in the rise of the hydrograph at 24:00 hrs. Therefore,
degree-days determined for a certain day with a minimum at 06:00 hrs and a maximum at about
14:00 hrs correspond to a discharge starting at 00:00 hrs the next day (see Figure 8). If the time
lag is not conveniently 18 hours, the computed discharge values may have to be shifted by a
certain number of hours to facilitate comparison with published streamflow data. Examples of
such shifts are presented in the following.

If the time lag is 6 hours, degree~days for the nth day result in a discharge starting at 12:00 hrs
on the same day and ending at 12:00 hrs on day n+1 as shown in Figure 8. The next day’s
discharge (Qp+1) is composed of about one half of the calculated input from day n and one haif
from day n+1. In the simple case of one elevation zone the equation for Q4+ would be:

Qusq = 0.5¢, la, (T, +AT,)S, +2P, 1+

A+0.01

0.5 Cn+l [an+1 (Tn+l +ATn+1)Sn+l]£ —8—6"4% (I_kn+1) (15)

+ Qn kn+1
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Figure 8. Daily fluctuations of temperature and discharge illustrating lag times
of 6 and 18 hours.

In contrast to the snowmelt, the total amount of precipitation on the first day, P, and no pre-
cipitation from the second day, P, is included in the calculation of Q4 ¢- Generally P refers
to precipitation recorded between 0%:00 hrs (day n) to 08:00 hrs (day n+1), and, with the time
lag of 6 hours, it roughly corresponds to Q, 4.

In large basins with multiple elevation zones, the time lag changes during the snowmelt season as

a result of the changing spatial distribution of the snow cover with respect to the basin outlet. The
ratio of inputs (or time lag correction factors) from the n and n+1 days used in Equation (6)
would have to be changed accordingly, not only to account for different time lags for each zone,
but also for how they change from the beginning to the end of the snowmelt season.

In order to obtain a more accurate split of the runoff from days n and n+1, Shafer, et al
(Reference 12) recommend planimetering of the areas under the actual daily hydrographs to come
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Figure 9. Planimetered hydrographs for determination of the time lag correction factors
(L, =0.7, L, 4, =0.3) for the South Fork basin in Colorado (from Reference 12).

up with the appropriate time lag correction factors (L) as shown in Figure 9. For some of the
time lags encountered so far, the following L values may be utilized for determining the contri-

butions to Qp+1:
6 hours — L, =0.5,L ,, =0.5;10 hours — L  =0.7, Lo+ =0.3;
12 hours — L, =0.75,L, 41 =0.25; 1S hours — L = 0.8, L,+1 =0.2;
18 hours — L =1.0,L ., =0.0.
ASSESSMENT OF SIMULATION ACCURACY

One of the first steps to be followed in determining how well a model simulates actual flow con-
ditions is a comparison plot of computed and measured hydrographs. Figure 10 illustrates this
comparison for the South Fork basin in Colorado for the 1979 snowmelt season. In order to
quantify the comparison, several goodness—of-fit measures may be added to the hydrograph plot.
The computer program automatically calculates the percentage volume difference (Dy;) between
the measured (ROM) and model-computed (ROC) seasonal runoff as shown in Equation (16).

ROy — RO
M ™-C 100 (16)
ROy
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Figure 10. Simulated versus measured streamflow for the South Fork of the Rio Grande during the snowmelt season of 1979,



Model performance on a daily basis can be evaluated using the nondimensional Nash-Sutcliffe

(Reference 16) R? value:

where

RICH ~q))?

N

3)2
; (@ —a)

1

R? is a measure of model efficiency

q =

, pru—,
q; ~
q =
n —

observed daily discharge
simulated daily discharge

mean of observed discharge
number of daily discharge values.

an

The Nash-Sutcliffe R? value is analogous to the coefficient of determination and is a direct measure
of the proportion of the variance of the recorded flows explained by the model (Reference 17).
The SRM program also calculates and outputs this goodness—-of-fit parameter to facilitate '
comparison of the correspondence of the daily flow values. Further examples of runoff simulation
during snowmelt are given in Figures 11 and 12. Figure 13 shows a simulation extended to a whole

year.
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Figure 11. Snowmelt-runoff simulation for the basin Modry Dl (2.65 km2), Czechoslovakia.
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Figure 12. Snowmelt-runoff simulation for the Kings River basin (4000 kmz) in
California, U.S.A. for 1975,

When running the model in the simulation mode, if a good agreement is not achieved initially, the
following order of items to check in problem solving is recommended:

1.

Re-evaluate the snow cover depletion curves to check that errors were not made
in drawing the curves. This could result in a too high or too low computed runoff.
One especially common error is the overlooking of a precipitation event occurring
just before a satellite pass. The thin layer of transient snow cover that results
causes an over estimation of the seasonal snow cover, S, which causes the depletion

curve to be too high.

Reconsider the lapse rate used in the basin. Often times an average lapse rate may
be too high or too low for a particular month resulting in the number of degree-
days being too high or too low (especially for the upper elevations of the basin).

The runoff coefficient may require adjustment if the computed discharge is too
high or too low. Typically, the runoff coefficient is the most difficuit of the
basin parameters to estimate accurately and should be examined closely after
any gross errors due to discrepancies in snow cover and lapse rate have been

ruled out.

The degree-day factor should be investigated after the runoff coefficient. Since
the degree—day factor can be estimated initially from snow density measurements,
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Figure 13. Simulated versus measured streamflow for the Dischma basin (43.3 km?)
for April 1974 — March 1975 (365 days).

less probability of error may be expected. If, however, good snow density
values are not available, adjustment of the degree-day factor may be necessary
to have some effect on the runoff volume. Unusually high wind conditions
may also result in the need to temporarily increase the degree-day factor,
whereas new snow falling on the seasonal snowpack may cause a temporary
decrease in the degree-day factor.

Discrepancies in precipitation input to SRM may result in two kinds of error.
Precipitation values that are too high or low may result in similar effects on
computed runoff. More importantly, peak flows may be missed altogether
if precipitation stations in the basin are not properly measuring local rainfall
variations, especially in summer. Rainfall data from nearby stations and
corrections for gauge catch deficit may have to be considered to improve the
quality of data.

The recession coefficient should be revised if the model reacts too quickly or
too slowly in comparison with the actual hydrograph. If the computed
hydrograph generally rises or drops too rapidly, recession coefficients are
too low, probably as a result of including non representative points in
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evaluating Equation (6) (Figure 6). Consideration should be given to which
points to include when drawing the line. In addition, if the lower envelope
curve is being used, other curves such as the average or even the three-
quarters line should be tested as alternatives. On the other hand, if the
hydrograph rises or drops too slowly the recession coefficients are too
high. This usually results from insufficient data available for high flows
when deriving Equation (6).

7. Discrepancies in the timing of flow peaks and valleys can be due to an
incorrectly determined time lag. Re-evaluation of the time lag is called
for with special consideration given to a seasonal change in the discharge
time lag as the snow cover retreats to higher elevations futher from the
stream late in the snowmelt season. The model is setup to handle
seasonal variations in the time lag.

OPERATION OF THE MODEL FOR REAL-TIME FORECASTS

A few modifications of the model are necessary to operate it in the forecast mode as opposed to
operation in the simulation mode. Most important is acquisition of forecasts of the major input
variables — temperature, precipitation, and snow cover - during the forecast period. The most
difficult of these variables to forecast is precipitation. Generally, average daily values of precipi~
tation or selected historical time series will have to be used. Temperature forecasts can be
obtained for several days to one or two weeks. For longer durations, average values should be used
and should be as good as forecasted values. The temperature forecasts are doubly important
because of the effect of the temperature on the depletion of the snow cover.

The use of snow-cover depletion curves from prior years is not possible because the curves vary
from year to year, and the actual curve for a given year is not known at the beginning of the snow-
melt season. In order to forecast the snow-cover depletion, it is first necessary to modify the
depletion curves by relating the snow coverage to accumulated degree-days instead of elapsed
time.

When using standard depletion curves, which relate the precent of the basin or zone covered by
snow to elapsed time during the snowmelt season, it isn’t possible to detect extreme high or low
accumulations of snow. In addition, a steep decrease of the snow-covered area in the standard
depletion curve can reflect either a shallow snowpack or high melt rates. Conversely, a slow
decrease results from either a deep snow cover or slow melt rates resulting from low temperatures.
Such uncertainty can be eliminated using modified depletion curves that relate the snow-

covered area to the accumulated number of degree-days.

Figure 14, 15, and 16 show such modified depletion curves derived for the years 1976, 1977, and
1979 for each elevation zone of the South Fork basin in Colorado. It is immediately evident

that the same incremental number of degree-days results in a greater decrease in snow cover in
1977 than in 1979 as a result of the much below normal 1977 snowpack. Resulting runoff for

the year 1976 falls between the high runoff year of 1979 and the record drought year of 1977

as do the modified depletion curves for 1976 in Figures 14, 15, and 16. In a future year, if a
modified depletion curve in the first month of the snowmelt season takes a course similar to that
of 1977, a small snow accumulation like 1977 is indicated. Similarly, large accumulations like
1979 and intermediate snow amounts like 1976 can be estimated from the course of the modified
depletion curves in the initial stage of the snowmelt season. Note, however, that this technique for
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Figure 14. Depletion curves of snow coverage versus accumulated degree-days in
elevation zone A of the South Fork basin in the years 1976, 1977, and 1979.
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Figure 15. Depletion curves of snow coverage versus accumulated degree-days in
elevation zone B of the South Fork basin in the years 1976, 1977, and 1979.
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Figure 16. Depletion curves of snow coverage versus accumulated degree-days in
elevation zone C of the South Fork basin in the years 1976, 1977 and 1979.

estimating relative snow accumulations is only valid for comparable precipitation amounts oc~
curring during the snowmelt period. For example, exceptional spring and summer snowfalls can
slow down the decrease of snow coverage even with a shallow initial snowpack.

To demonstrate the application of the method for operational purposes, assume that a forecast of
the seasonal runoff volume is required on 1 April. The zonal snow-cover depletion curves for the
snowmelt season are not yet known. As a result, an average snow accumulation must be assumed,
and the corresponding modified depletion curves must be chosen. If conventional or auto-
matically measured snow water equivalent values are available for the basin, a better estimate of
the snow accumulation may be possible. In this case, a better choice of the appropriate modified
depletion curve should result. After several weeks, the first evaluations of snow-covered area
from satellite images can be related to the accumulated degree-days to determine whether the
decrease of snow—-covered area agrees with the initially chosen modified depletion curve. If the
comparison is close, the snowmelt-model comparisons are continued until the disappearance of
snow and the seasonal runoff volume is obtained as a total of the calculated daily flows. For these
seasonal forecasts, the long-term average temperature for each day until the snow disappears can
be used for the determination of the degree-day values. A further refinement would be the fore-
casting of short-term snowmelt runoff. This type of improvement would require the daily fore-
casts of temperature during the forecast period as previously mentioned.

If the decrease of snow-covered area has not occurred at the rate initially assumed on 1 April, e.g.,
it is considerably slower than indicated by the assumed modified depletion curve, a greater accum-
ulation of snow for the basin is indicated. Consequently, the initial modified depletion curve is
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rejected, and an updated forecast of the runoff volume is made by using the curve valid for a
large accumulation of snow. The better the original estimate of snow accumulation, the less the
original seasonal forecast will have to be modified. When several years of snow accumulation,
satellite snow cover, and snowmelt-runoff data are available, 2a nomograph of modified depletion
curves will be possible, with the appropriate depletion curve chosen by average snow water
equivalent rather than similarity to some prior year as shown in Figure 17,

Figure 18 shows a modified depletion curve on the left that has hypothetically been selected based
on the best knowledge available from snow accumulation data. If a discharge forecast is to be
issued, for example, on May 15 for the following week, the depletion curve is extrapolated as
follows. The snow coverage is, as shown in Figure 18, 80%. If 30 degree-days are forecasted for
the next week, a drop in snow cover to 40% results, and the “normal” depletion curve is extrap-
olated as shown on the right side of Figure 18. Forecasted temperatures and extrapolated snow-
covered areas are used to compute the meltwater production. If the forecast gives temperatures
below the freezing point, the snow coverage will remain at 80% and no snowmelt will result.

In an operational situation, it is not necessary to continuously run the model with calculated
streamflow as input data. SRM has the provision which allows updating with actual streamflow
information every seven days. The use of real data for such updates will improve the accuracy of
the forecasts.

Figure 19a shows a model runoff simulation for the Dinwoody Creek basin in Wyoming that had a
measured discharge twice as high as the computed value on August 1. Updating the model with
the actual discharge on August 1 improves the simulation as shown in Figure 19b. Even without
updating, however, the initial discrepancy is soon eliminated automatically. This self-adjusting
feature depends on careful assessment of Equation (6).

ZONAL SNOW COVERAGE

1

100 200 300 400 500
ACCUMULATED DEGREE-DAYS (°C)

Figure 17. Nomograph for selection of modified depletion curve in zone B of the South
Fork basin using estimated snow water equivalent (in cm) as the criterion.
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Figure 18. Graphical extrapolation of depletion curves of snow coverage using forecasted
degree—days.

NECESSARY COMPUTING FACILITIES

For use of SRM in situations where manpower is not limited but computing resources may be, any
pocket calculator with the function xY is sufficient for day-to-day computation of the discharge.
The pocket calculator can also be used in the same way for limited day-to-day forecasts of dis-
charge. In addition, in the initial stages of setting up the computer program to run SRM, the
pocket calculator can be indispensible in the checking of computations. The fact that the basic
form of SRM (Equation 1) is relatively simple, which permits use of the now widely available
pocket calculator, also opens the possibility that the model may be run in the field or at local

offices as opposed to only at central computing facilities. Such flexibility increases the chances
that SRM can be used in operational situations.

In utilizing the model, it is naturally more convenient to use a computer program (and a computer),
an example of which is described in the following section. The use of the computer approach pro-

vides a great savings in time which is especially important for calculations of extended periods, such
as the snowmelt runoff season or even a year. In addition, the computer program can easily handle

many complicated calculations which become extremely tedious on a pocket calculator. Examples

of this involve the different handling of precipitation depending on the form (rain vs. snow), the

introduction of different time lags for different elevation zones, and the use of multiple climatic
stations.
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Figure 19. Discharge simulation in the Dinwoody Creek basin a) without updating and
b) with updating with actual discharge on 1 August.

SRM is more flexible in its applications when the computerized approach is used. Several computer
runs may be made in a short time period in order to demonstrate the effect of hypothetical changes
of temperature on the resulting runoff in any desired number of variations.

In general, however, SRM does not require numerous runs because calibration is not necessary. The
ease with-which computer runs for various sets of parameters can be obtained should not lead to a
replacement of the deterministic approach of the model by a ““try and see” philosophy. The model
is designed to operate with physically-based estimates of basin parameters which should not require
much change after their initial selection. Inclusion of a self-calibrating routine might improve the
accuracy of simulations, however, it would limit the use of the model to basins with historical data
necessary for such optimizing. Also it would deprive the user of the possibility to detect errors in

data sets.

The SRM computer program presented in this manual has been designed to operate on an IBM 3081
available at Goddard Space Flight Center (GSFC). However, the SRM program can execute on any
32-bit IBM computer using FORTRAN IV. The program can run on any minicomputer that utilizes
FORTRAN IV with the NAMELIST feature, with minimum revisions (such as variable type dec-
larations). Some versions of FORTRAN on some computers do not support the NAMELIST input
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of data, particularly the DEC PDP FORTRAN or PDP FORTRAN-FOUR-PLUS. Consequently,
major revisions would have to be made in subroutine READIN to read input data as formatted
input. No changes, however, would have to be made in the program computations.

Some computers may have peripheral output devices that are not in 132-character length. If so,
then some modifications would have to be made in the formatting of output data. Since formatting
of output data is provided as an option in the program, the user may not want to exercise that
option and simply print out the statistics (such as goodness of fit, etc.).

In order to execute the program on much smaller computers, such as microprocessors where exe-
cution time and core storage is limited, some major modifications would have to be made. All
formatted output options can be eliminated, except for output statistics. The number of elevation
zones can be cut down to reduce the size of the input arrays. The capability to process input
temperatures can be eliminated, thus eliminating some input arrays. The user would have to pro-
vide input temperatures in degree—days and per zone, or at least provide a pre-determined lapse
rate to extrapolate temperatures in degree-days to each elevation zone.

Presently, the SRM program can be run for a snowmelt season of variable length, and it can also be
operated in both snowmelt and non-snowmelt situations for up to 366 days. Up to eight basin
elevation zones can be accommodated. For a six-month snowmelt season, the computer require-
ments to execute the program on the GSFC IBM 3081 are as follows: CPU time = 3 sec.; I/O time =
35.4 sec. Total core requirements for compilation, linkage and loading of input data sets, producing
printer plots and input temperature processing amount to approximately 170 K bytes of core.

COMPUTER PROGRAM

The SRM program has been implemented on the IBM 3081 at NASA’s Goddard Space Flight Center
in Greenbelt, Maryland and written in the FORTRAN IV language. The general block diagram for
the SRM computer program is shown in Figure 20. A more detailed functional flow diagram is
shown in Figure 21 with indications of inputs required, computations, and output products. The
detailed program flow chart used in writing the program is shown in Appendix A. The FORTRAN
IV source listing for the SRM program and compilation on the IBM 3081 at Goddard Space Flight
Center is shown in Appendix B.

The SRM program can be executed using a batch job stream submitted via cards or via a cathode
ray tube (CRT) terminal depending on the computer system configuration available as shown in
Figure 22. If the user system maintains a time sharing system like the Time Sharing Option (TSO)
on the IBM 3081, the user can interactively modify input parameters via a CRT provided the
NAMELIST data can be stored on permanent disk files. If only batch job processing via cards is
available, the user can manually modify the input card deck.

User control of output from the SRM program is by input program options. Plots of actual and
predicted stream runoff are available as an option provided the FORTRAN PRPLOT software
supplied in Appendix B is compiled with the SRM program and the user system facilities are
capable of producing printer plots. All input data may be reproduced as output during each
computer run as an option. Statistical parameters such as the Nash-Sutcliffe goodness—of-fit
measure and percent seasonal differences are output automatically, provided that actual streamflow
data are available.
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Figure 20. Functional flow chart of the snowmelt-runoff model computer program.
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Program Input Requirements

In order to operate the SRM program, precipitation (PRECIP), temperature (T), and snow-
covered area (S) must be evaluated on a daily basis (computer symbols for variables and param-
eters may differ from prior formulation symbols but can usually be recognized by all upper
case letters). At the beginning of each computer run, the length of the simulation period in
number of days (ND) must be designated (from 1 to 366). If the basin has a large elevation
range, the total area must be divided into elevation zones as indicated previously. The total
number of elevation zones (NZ) and the area of each zone (AREA) must be input to the pro-
gram. The program has the capability for handling a total of eight elevation zones, if necessary.

Certain parameters for a specific basin must be evaluated for input to the model:

1. The adjustment by temperature lapse rate (AT in Equation 1 and DTLR in the
computer program) determined every 15 days, if necessary, and for each eleva-
tion zone,

2. The degree day factors (a in Equation 1 and AN in the computer program)
determined every 15 days.

3. The runoff coefficients (¢ in Equation 1 and CS or CR in the computer program)
determined every 15 days.
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4, The recession coefficient factors (x and y in Equation (6) and X and Y in the
computer program, respectively). The recession coefficient, k, changes daily
because of the changing discharge, Q, however, the constants x and y are derived
one time for the given basin.

5. The percentage of the previous day’s snowmelt appearing as runoff at the stream-
gage, PDR,

Namelist Parameters

Data to be input to SRM will be handled through the FORTRAN NAMELIST feature. The
NAMELISTs CLIM and BASE provide climatological and basin dependent parameters, respectively,
whereas the NAMELIST OPT provides program control options to properly execute the SRM
program. Use of the NAMELIST feature results in some specific requirements:

1. Column 1 of each card image must be blank,

2. In Column 2, the first card image must contain &CLIM, &BASE, or &OPT.
3. Data items must be separated by a comma.

4, The last item in the last card image must be &END.

Despite these requirements NAMELIST input is easier for the user than formatted input because
placement of data in specific card columns is not necessary.

The NAMELIST CLIM contains climatological snowmelt-runoff parameters for a particular basin
and is read in only once per snowmelt-runoff computer run. A description of each climatological
NAMELIST parameter, including, type, symbol and units are provided in Table 2. Temperature
(T) and precipitation (PRECIP) data are not required to be input by elevation zone but can be
extrapolated to the elevation zone from the base station readings in the program. Snow-covered
area (S) must be input by elevation zone. In order for the SRM program to operate correctly,
daily temperature values must be in degree-days for each elevation zone. Temperatures may be
input as measured average daily temperatures or as maximum (TMAX) and minimum (TMIN)
values and, through application of the temperature lapse rate, be extrapolated to the appropriate
elevation zone. Temperatures can also be input already calculated in degree-days where no
extrapolation is necessary. All of the parameters in the climatological NAMELIST CLIM must be
provided. If no actual streamflow data are available, the user should provide an estimated value
for the ACTUAL parameter on day 1 of the snowmelt-runoff period. Figure 23 shows typical
climatological NAMELIST input for a study basin in Switzerland.

The NAMELIST BASE contains basin dependent SRM parameters and can be read in several times
allowing the user the capability of making several computer runs without having to read in all of
the climatological NAMELIST parameters. A description of each basin NAMELIST parameter
including type, symbol and units are provided in Table 3. In order to execute the SRM program
certain minimal basin NAMELIST input is required. These parameters include:

1. Identifying Information
BASIN, NZ, IYEAR

2. Snowmelt-Runoff Model parameters
AREA, X, Y, PDR, DTLR, AN, CS, CR, IPR
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Table 2. Description of Variables in NAMELIST CLIM

Variable Symbol* Type MetricumtSEnglish Description
ND n 1*4 days days Number of snowmelt days
T T, R*4 °C-day °F-day Temperature in degree~days
S Szn R*4 % % ?I})o)w—cover area in each zone (100% =
ACTUAL Qn R*4 m3s~! 35~ Actual stream runoff
PRECIP —_ R*4 cm in Precipitation at base station
TMAX _ R*4 °C °F Maximum daily temperature
TMIN — R*4 °C °F Minimum daily temperature
TCRIT TCRIT R*4 °C °F  Critical temperature to determine if

precipitation is rain or snow.

*Note: The subscript n refers to number of snowmelt days; zn refers to number of snowmelt days per zone.
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ND=345»
S=,88, .88, 4%.873, .87, .87 ,86%, .043, ,083, .04, .84, .83S,
+85» .8%, .84%5, .84, .B35» .835, .83, .83, ,82%, ,825» .82, .82,
+813» .81y .803¢ .80»
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31%0.+» 91%0.,121%1.000,9
32.93» 38,925, 585,92, 52,913, 385,91, 32.903, .70, .90,
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«064%, .05y .043, .04+ .035, .03s .023, .02, .0135, .01y .01s .O%«
7%0.0 91%0.51213.95/,0.
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IE. 799 079507979 7980 7%y o788y 780 7789 2779 u786s 75 74 .73
2229 2719 705 .89 875 .66 543, .83 ,615, ,50s ,5B5, .57
+369 «33r 34» .33
2329 ¢S%r S0r A?» .48yr 475 446 435y A4y LA3Sy A3, 42y .A13,
+40¢ .383, .39y .37y .34y 33, 345, .34+ 33y .32, .31 .30 .29
1289 1279 4265 - 2258 .25 918,25,1218.90+0.
ACTUAL=,80s ,83¢ <8679 +715 +74» .?75s .80 .84, .89, .93, .94, .99,
1,07y 1,239 1.169 1.01s 925 83s .81s 78y .77» .27y .78,
«800 749 .73+ 745 .74» .80y .84,
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1.23» 1.47, 1.5%5, 1.8S, 2.20, 2.48. 2.84, 2,935 3.03, 3.51,
3,27+ 2.72r 2,46 2.40,» 2,63y 2.B3» 2,705 J.04» 4,05,
4.51» 3.78» 4.02, 4.83» 5,83, 6,33, 4,92y J3.99r 3.63¢ 3.2& 2.92»
2,879 2,439 2.54y 2.84, 2,935 3,17y 3.679 3.41s 3.57, 4,11, 5.44,
5.28s 5,59 4,81, 5,01y 6.10s S.61» 5.93» S.61»
5.62¢ 6.68r 6.55¢ 4.239 4,06 6.18s 6.20r T.29» S.21y 6.681r 6.52
4,650 6.849 7.849 B.72¢ 6,400 7.169 7.14r 5.34, A4.34, 4.48, 4.12,
4,06 4,155 5.08y 4,169 4.315 4,53y 4,399 4.44, 4.81,
4.49, 4,235 4,42, 4.32» 4,40+ 4.04, 3.81s 4.70r 4.03s 3.60» 3.54,
3,24+ 3,09+ 3.11, 3.18s 3,24, 3.25y 3.17» 3.12» 2.99» 2.90» 2.83,
2,79 2.467» 2.99y 2.355y 2.32y 2.45y 2,23y 2.13¢ 2.08,

2:579 2,140 2,160 2,94 2,38, 2.43r 2.52r 2,27 2.17¢ 2,370 2.19»

2.08y 2.02y 1,97+ 1.939 1,90+ 1.82y 1.75¢ 1,72y 1.78s 1.735 1.584,

1.58, 1.59» 1.5%» 1.353, 1,52, 1.58, 1.61, 1,52,

1.520 1.47¢ 1,417 1,43, 21.39» 1,35y 1,30, 1,33, 1.29, 1,26y 1.23,»

1,21y 1,13 1.13» 1,21, 1,08y 1.07» 1.04, 2%1,03+ 1.01s 0.99s» 0.98,»

0.98s 0,95 0.94» 0.945 0.93» 0.93» 0.91» 0,89,

0.88s 0.87» 0.86» 0,84, 0.84, 0.83, 0.82y 0.84» 0.81» 0.815 0,78,

0.78» 0,799 0,779 0.74¢ 0,775 0,779 0.735 0.779 0.7%5» 0.74» 0.73,

0:729 0+719 0,710 0,709 0.719 0.70» 0:71r 0.69

0,890 0.67¢r 0.8679» 0,875 0,879 0.47» 0.86s 0,84y 0.8%9 0.46%s 0.64,

0,830 0.621 0,60+ 0,839 0.,83¢ 0.482, 0.81+ 0.480, .59, 0.59,» 0.57,

0.57+ 0,369 0.36¢ 0,54+ 0.53» 0.35» 0.546» 0.352» 0,34,

0.56» 0,535 0,952+ 0.51» 0,51» 0.30, 0.50, 0,30y 0.%50» 0.50y 0.30,
0,499 0.49» 0,48, 0.47» 0,48, 0.49) 0.49» Q.48 0.475 0,47, 0.47,
O.48r 0,469 0.469 0,43y 0.45, 0,45, 0.45y 0.44» Q.44
O.44s 0.447r 0,44y 0,445 0.44, 0,44, 0,43y 0.42, 0.425 0.42» 0.42,
0,42y 0.429 O.41s Q.41» 0,405 0.40y 0,40+ 0.40+ 0.40» 0.40» 0.39,
0.395, 0.3%9r 0.39s 0.39+ 0.39, 0.39
0.3%99 0.38s 0,39+ 0.39» 0,38y 0.38» 0.38y 0.37» 0.37» 0.37¢ 0.37»
0:37s 0,37¢ 0.37¢ 0,372 0.36s 0.34¢ 0.36s 0:367 0,369 0,36+ 0.33,
0369 Q.36 0.33¢ 0.35s 0,345 0.34y 0.34y 0.34¢ 0.34,

Figure 23. Sample NAMELIST CLIM input for the Dischma basin, 1974.
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FRECIP=,195 .06¢ 0,00+ 0,005 .04y .34y 0,00, .01y 520,00, .10v
«03r .53 +13s .07+ .02 0.0s 0,00y .03» Q.00r .26y .59
+31y .02» 0.00+ .02, .13y
22 422+ .03 0.00s .45¢ .84y .09, 012 0.00r 0.00» .27
.98 0,00+ .02s .27 S%0.00, .24» 0.00,» 3.23s .48, .38, .03»
0.00s .32y .97» 0.00» .02,
1.49, 430,00y .37» .02y .08 .07» .41: .85y 1.06» 1.72y .03,
0.00r .44y 0.00» .70+ 1.205 0.00s 0.00s 1.41s ,43» 1,59, .09
0.,00r 2.71» .83» 1.33» 1.82»
0.00y .37» 0.00+» 8%y 0.00» 0.00s 1,03¢ .03» 0,00, .74» .21,
0.00s" 0,005 .20» 3,085 0,000 3529 2.,%4r 1.02) .22, ,41s .37,
0.00r 0,009 1.33» 17+ 0,00, .21, 3%0.00»
+43» .03, .78» 0,00, 1.56s 0,00, 0.00s .846» 2.49, .09y .58,
+43» .01» 0.00» .08y 330.00» .13 .31y 0,00s ,03» .39» .38,
+13» 0.00, .03» 1.97,» .015 230,00,
t.18» 0.0» 0.01» 2.13, 0.046+» 0.00, 0.88, 0.005 0,00, 0,88,
0.04» 850.00, 0,079 1.30» 0.02y 0.82» 0,08, 0.35,» 2.25,
2.5%» 0.00» 2.11s 0.01» ’
0.12» 0.12» 0.24» 0,03 0.01» 0.13s 0,03 1,32y 0.49s 0.94,
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0,532 1.73y 0.61,
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9.2y 11.0» 13.3+ 13.3» 13.359 14.2, 11.8»
13.2+» 11.35, 14.8y 14.6¢ 10.2s 11.8, 13.3, 10.4s 4.4, 6,2+ 3.0
JePr 13.59 16.69 16,79 17,5y 17.0y 15,07 11.74 11.3r 14,7,
9.7» 8.0+ 8.2 6.8y 8,31 4.4, 1.99 9.0% &.1» 0.5,
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-2.8s 1.2y -3.8y -11.85 -4.9s =3.00 ~2,3¢r O0.4r -1.0s 0.6r1-1.4,
8,1 6.2y -9.2» =7.0» -8.8r -3.0r 2.1v -2.1» -7.45 -0.9,

4,00 ~4,90 ~8.79 -4.2¢ -3.3¢ 1.0, -0,3» 1.6, -0.1+ -2.8,

~4:3r ~J.4r ~4.89 =4,00 ~2.39 =2.30» ~4.75 -4.3» -3.9y -4.5,

“JePr -8.60 ~7.69 ~8.29y ~11.3» -8.80 ~-9,8s -2.2y -5.4, ~-9.3,
=12.5¢r ~13.19 -4.7» ~-5.69 -3.3» -10.2, -11.3» -?2.5,

Figure 23. (Continued)
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Figure 23. (Continued)
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Table 3. Description of Parameters in NAMELIST BASE

Units
Parameter Symbol* Type Metric English Description
BASIN —_ R*8 — — Basin name
NZ — I*4 — _— Number of elevation zones
IYEAR — I*4 —_ — Year of model run
AREA A, R*8 m? ft2 Area in each elevation zone
X X R*8 m3s-1 ft3s~1 X parameter in computing
recession coefficient, K
Y y R*8 — — Y parameter in computing
recession coefficient, K
PDR — R*4 — — Percentage of previous day
runoff reaching the stream-
gauge
PDM2 — R*4 — — Percentage of runoff if
more than 24 hours stream-
flow lag.
DTLR 8,0 R*4 °C/100m °F/1000ft Average temperature lapse
rate in degree—days
AN a,, R*4 cm+°C-d-1 in+°F-q-! Degree~day factors
CS CSzn R*4 — —_ Snow runoff coefficient
factor
CR CRzn R*4 — — Rain runoff coefficient
factor
ZMEAN h R*8 m ft Hypsometric mean elevation
of each zone
STATN hgt R*8 m ft Elevation of each base
station
IPR — I*2 — — Precipitation method

0 = Non snow-covered areas
1 = Total areas

*Note: The subscript zn refers to number of snowmelt days per zone.
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Table 3. (Continued)

Parameter Symbol*

Units

Type Metric English

Description

MAXMIN —

IEXT —

IDEGDY —_

_I*2 [— —

I*2 — —

1*2 — —

Flag to indicate if temper-
atures are input as
maximum—minumum

0 = Temperatures input
not as MAX—-MIN

1 = Temperatures input as
MAX-—-MIN

Flag if temperatures are to
be automatically extra-
polated to elevation zone
0 = Extrapolate using pre-
determined constant

1 = Automatically extra-
polated using lapse rate

Flag if temperature is to be
computed in degree—-days

0 = No computation
necessary, Temperature
already input in degree-days
1 = Compute temperature
in degree-days

*Note: The subscript zn refers to number of snowmelt days per zone.

The SRM parameters, DTLR (if required), AN, CS, CR, and IPR are parameters that change through-

out the snowmelt season. These are included in the basin NAMELIST so that the user can vary
these parameters without having to input the climatological NAMELIST on each run. Figure 24
shows a typical basin NAMELIST input, again on the Dischma basin in Switzerland.

The NAMELIST OPT contains program control options to properly execute the SRM program.
This NAMELIST can also be read several times allowing the user the capability of making several
computer runs for a particular basin at one time. A description of each program option NAMELIST
parameter including type and default value are provided in Table 4. Numerous program options
are provided to the user such as plotting and printing options. The user may wish to operate in
either metric or English units, so an option is provided for the appropriate conversion of units
(UFLAG). It should be noted that the user must be consistent in inputting all data in either metric
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1
RBASE
RASIN="DISCHMA ’‘»’BASIN ‘y
NZ=3»
IYEAR=1974,
AREA=8,9D4y 2.45D7y 9.9D6s 5%0,D0s
X=0.,92100»
=-0,0426D0,
ANS=0,5600,
PDR=367%.,95y
PDIM2=367%0 .y
DTLR=2928%0.65,
AN=15%,4515%,45,31%,45530%,50,46%,55+46%,609123%X,25559%,3:0,,
15%.4515%,45-,31%,45530%,507486%.,55,46%.409123%,25,59%.3,0,
15%,4,15%,45931%,45930%,.50546%,55946%.609123%,25959%.3+0,9
CS=45%,95,16%.9961%,85,31%.30,30%,9,182%.,95+0.,»
A5%,95916%.9761%,895931%,80,30%0,9+2182%,95+0,9
45K .95516%.,9561%.85,31%,80,30%0,9+182%,9550.»
CR=91%1,0,123%0,7s151%0,6
ZMEAN=1938.00:,2370,.01052750.D0,5%0.D0»
STATN=24677.DB0»
MAXMIN=1,
IEXT=1»
IDEGDY=1,
IPR=76%0,199%1,91%0,
76%05199%1,91%0,
76%05199%1,91%0,
LEND

Figure 24. Sample NAMELIST BASE input for the Dischma basin, 1974.
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Table 4, Description of Parameters in NAME_LIST OPT

Parameter

Default

" Type

Description

IRUN
MODE

IPLT

IPRINT

UFLAG

ACTFLG

IZONE

IDTFLG

MTHD

ITPROC

IPRRUN

ISTMTH
IENMTH

1
0

3*1

1*4
1*4

I*2

I*2

I*2

I*2

I*2

I*2

I*2 .

I*2

I*2

I*4
1*4

Model run number

Simulation/Forecast mode flag
0 = Simulation
1 = Forecast

Plotting option flag
0 = No plot
1 = Plot

Printing option flag
0 = No print
1 = Print

Units option flag
0 = Metric units
1 = English units

Actual data flag
0 = No actual data available
1 = Actual data available

Temperature, precipitation and runoff coefficient
zone flag

IZONE (1) = Temperature lapse rate

IZONE (2) = Precipitation

IZONE (3) = Runoff coefficients

0 = No zone input

1 = Input by zone

Adjustment for temperature lapse rate data flag
0 = No temperature lapse rate data available
1 = Temperature lapse rate data available

Degree-day temperature computation flag
0 = Mean method
1 = Effective minimum

Temperature processing flag to extrapolate
temperatures and compute degree-days

0 = No temperature lapse rate processing

1 = Temperature lapse rate processing

Runoff print option flag

0 = No print

1 = Print runoff values by zones
Starting month of snowmelt run

Ending month of snowmelt run

47



or English units. No mixing of units is allowed and the unit option chosen must correspond to the
units input into the program. In the event that no-actual (measured) streamflow data is available,
the user must input an initial actual streamflow value for the first day in place of actual data
(ACTUAL (1)). An actual data flag must be set by the user indicating to the program that no
actual data is available (ACTFLG). The model run identifying number, IRUN, is the only program
option NAMELIST parameter required. All other NAMELIST parameters not specified will default
to BLOCK DATA values which have been chosen to provide the basic options to properly execute
the SRM program. Figure 25 shows typical program option NAMELIST input for the Dischma
basin.

t0PT
IRUN=1,
MODE=0,
IPLT=0y
IFRINT=1>»
UFLAG=0,
ACTFLG=1,
IZONE=0s0,0>»
IRTFLG=1»
MTHD=0,
ITPROC=1»
IPRRUN=1»
ISTMTH=4,
IENMTH=7»

SEND

Figure 25. Sample NAMELIST OPT input for the Dischma basin, 1974,

Temperature Input Processing

The format in which temperature data are received can vary widely for each basin. Temperatures
can be input as hourly readings, as average daily temperatures in degrees or degree-days, or as
maximum and minimum values for one or two observing stations. Because the SRM computations
for runoff will only accept temperature input in degree-days for each elevation zone, a certain
amount of preprocessing is required if temperatures are not in that format.

To obtain temperatures in the proper format, a temperature preprocessing routine LAPSE is called
to convert temperatures in degrees to degree-days (if they are not in that form) and to extrapolate
degree-day temperatures to the elevation zones. When daily maximum and minimum temperatures
are input, the temperature preprocessing routine LAPSE can be used to convert temperatures from
degrees to degree-days. This is accomplished automatically in the program when the user sets the
flags MAXMIN and IDEGDY to 1. The degree-day temperatures can be computed by setting the
flag MTHD for effective minimum or mean method. The routine LAPSE can also accomodate
temperatures that are input as an average daily value in degrees or as daily temperatures already
converted to degree—-days.
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Additionally, the routine LAPSE will automatically extrapolate degree-day temperatures to the
elevation zones according to Equation (4) provided the flag IEXT is set to 1. For the program to
automatically extrapolate temperatures to the elevation zones the user must supply the mean
elevation in each zone ZMEAN (h), the elevation of the temperature base station, STATN (hgT),
and the average lapse rate DTLR (8). In cases where the average lapse rate is predetermined for
each elevation zone (rather than calculated from actual temperature data), no extrapolation is
required beyond the addition of the lapse rate value to the degree-day temperature.

In special cases where temperatures are input hourly or as maximum-minimum from two stations,
the modular routine PRETMP must be used to obtain the appropriate degree~-day values for SRM.
This routine is not part of the normal SRM processing and is included in Appendix C. PRETMP
requires more storage capabilities and can be used as is or as a guideline for more detailed temper-
ature preprocessing. :

Precipitation Input Processing

The SRM program handles precipitation falling during snowmelt in several ways. First, based on a
critical threshold temperature, a decision is made as to whether the precipitation is snow or rain.

If it is snow and it falls on the existing snowpack, it is assumed to be melted along with the original
snow later in the season as soon as the degree-day totals are sufficient. If it is snow and it falls on
the snow-free area of the basin, the new snow is treated as transient snow and is melted right after
the storm as soon as temperatures rise sufficiently. This input is treated merely as delayed rainfall.
The situation with respect to rainfall is more complex because of the nature of the snowpack during
the snowmelt season. In all cases rain falling on non snow-covered areas is automatically added to
snowmelt by the model. In the early days of the snowmelt season, however, rain falling on the
snow-covered region is assumed to fall on dry snow and it is held by the snowpack as part of the
ripening process. Later in the snowmelt season over the snow-covered area, rain is assumed to fall
on a ripe snowpack and this water is transmitted through the snow and added by the model to
snowmelt.

Based on the progression of the snowmelt season, the program user must input daily the precipitation
calculation method (IPR) desired (0 = rain added to snowmelt from snow—free areas only, i.e., a
dry snowpack or 1 = rain added to snowmelt from all basin areas, i.e., a ripe snowpack).

Streamflow Input

Provision is made in the SRM program to take into account streamflow lag which can vary as the
snowmelt season progresses. The streamflow lag is usually specified in hours, however, the effect
on streamflow simulation in the model is expressed as the percentage of streamflow recorded on
day n that is actually a result of snowmelt from the previous day (n—1). In the case of the South
Fork basin in Colorado, it was determined that early in the snowmelt season approximately 70%
of the streamflow recorded on day n is the result of the prior day’s snowmelt amount, and 30% of
the streamflow on day n is from snowmelt occurring on day n. The input to the program is there~
fore set at PDR = 0.70. Provision is also made in the model for when streamflow lag exceeds 18
hours. In this case there is no runoff contribution on day n from snowmelt occurring on day n.
Streamflow occurring on day n is a result of snowmelt occurring on days n—1 and n—2. To reflect
this situation, the input parameter PDM2 is set equal to the percentage of day n streamflow contri-
bution resulting from day n—2 snowmelt.

The SRM program can be run in a streamflow simulation or forecast mode by specifying the MODE
parameter in NAMELIST OPT. In the forecast mode, the model calculated daily streamflow value
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can be updated every seventh day with measured streamflow for an entire snowmelt season run. In
the default condition, SRM runs in the streamflow simulation mode.

Job Control Language

The snowmelt-runoff model program can be operated in a batch mode via card deck as shown in
Figure 26. The only IBM 3081 Job Control Language (JCL) required to execute the program is

shown below.

//JOB CARD (User supplied Job and accounting information)
//EXEC FORTRAN (Compiler type and options)
//SOURCE SYSIN DD*
'Y
° (Include FORTRAN source deck)
°
//EXEC LOADER (Loader size and options)
//GO.FTO6F001 SYSOUT =A (Output device)

//DATAS DD*

)
(Include NAMELIST CLIM)

]

° (Include NAMELIST BASE)

°

o (Include NAMELIST OPT)

/*
Program Qutput Capabilities

The output of the SRM program consists of various numerical results and printer plots of the actual
versus computed hydrographs. Depending on the purpose of the computer run, all or part of the
output products may be produced.

The numerical output results consist of the measured versus calculated daily discharge rate for the
snowmelt period (or entire year), the actual and computed total volume of streamflow for the
snowmelt period (or entire year), the percent seasonal difference between the actual streamflow
and the calculated streamflow (Dv/), the mean actual and calculated streamflows, the Nash-
Sutcliffe “goodness of fit”” measure, the daily calculated snowmelt depth by elevation zone, and the
computed daily precipitation values in each of the basin elevation zones. Table 5 provides a brief
description of the output variables.
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& OPT
PROGRAM OPTION
NAMELIST DATA

BASIN NAMELIST
DATA

& CLIM
CLIMATOLOGICAL
NAMELIST DATA

// DATA 5 DD*
SYSOUT=A

EXEC LOADER

4

SNOWMELT
RUNOFF MODEL
PROGRAM FORTRAN
SOURCE DECK

//  SYSIN DD*
EXEC FORTRAN
JOB CARD

Figure 26. Sample card deck for input of snowmelt-runoff model program.
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Table 5.

Description of Output Variables

Variable " Symbol Type Description
P P R*4 Precipitation contributing to runoff in each zone assigned
every day
RUNOF - R*4 Total depth (precipitation + snowmelt) contributing to
runoff in each zone
QNP1IX Qn+1 R*4 Computed stream runoff for next day
XNSR2 R2 R*4 Nash-Sutcliffe ‘goodness of fit’ measure
VOL - R*4 Computed volume for predicted runoff
AVOL — R*4 Computed volume for actual runoff
PCT D, R*4 Percent seasonal difference between actual and predicted
runoff
AMEAN - R*4 Mean actual stream runoff
QMEAN — R*4 Mean computed stream runoff

A printer plot can be generated using the FORTRAN PRPLOT plotting package supplied with the
snowmelt-runoff model. A listing for PRPLOT is included as part of Appendix B. The calculated
and actual streamflows over the snowmelt-runoff season are plotted on the same graph as dis-
charge rate vs. time. If no actual data is available then only the calculated runoff is plotted if
desired. Figure 27 gives an example of some numerical results for the Dischma basin for 1974.
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RUN # 1 RASTN=DNISCHAHA RAS1N YEAR= 1974
HODE (0=SIHULATENs1==FORCAST)= O

PROGRAM OPTIONS (O0=0FF»1=0N)

PLOT OPTION= 0 PRINT OPVION= 1 UN1TS(O=METRIC»1=ENBL18H)= O

ACTUAL NATA FLAG= 1 ZONE INPUT'DﬁTA(TEHPnvPRECIP.-RUNUFF CUEF.)= 0 0 0

LAPSE RATE DATA FLAG= 1 DEGREE-~DAY METHOD(O=MEAN»1:=EFFECTIVE MININUM)= O

TEMPERATURE PROCESSING FLAG= 1 RUNOFF BY ZONE OUTPUT OPTION= 1

FLAG TO EXTRAPOLATE TEMPERATURES(O=EXTRAFOLAYE USING GIVEN LAPSE RATEBs 1:AUTOKATICALLY EXTRAPUOLATE)= 1
FLAB YO COMPUTE DEGREE-DAYS<« %

FLAG TO INDICATE INPUT TEMFS AKE HAX-MIN= 1

START MONTH= 4 END MONTH= 7

NUMBER OF SNOWMELT DAYS= 122 NUNRER OF ELEVATION ZONES= 3

RECESSIDN CUOEFF[ECIENT FACTORS
X FACTOR= 0.921000 Y FACTOR=-0.042600
INITIAL RUNDFF VALUE= 0,540 LLAB= 6 HOURS

AREA IN EACH ELEVATIQN ZUNE

ZONE AREA (SQ. METERS )
1 0,8900h 07
2 0.2450D 08B
3 00,9900 07

HYPSOMETRIC HMEAN ELEVATION IN EACH ZONE (METERS )

0,19380 04
0.2370D 04
0.,2750D 04

[Ny SR

BASE STATION ELEVATION (METERS )

0.76770 04

Figure 27. Snowmelt-runoff model results for the Dischma basin, 1974,
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nay

DAY

VDN ADGEN -

VONOU DL BN -

DAILY MAXIMUM AND MINIMUM TEMPERATURFS

RANGO-MARTINEC MOAEL FOR

AFR
HAX TEMP MIN TEMP
-0.20 =5, 30
0.40 ~6.20
1.30 ~5.60
3.70 ~3.+40
-2.,00 ~4.80
-0.70 ~7.40
-0.90 ~6.00
-0.30 ~5.40
1.60 ~4,90
-1.00 ~5.30
1.00 ~7.40
0.70 =5,20
3,00 ~3.70
0.0 -8.70
-7.20 -12.20
-2.60 -13.20
-2.00 ~14,60
-6.,40 -15.10
-6.30 -15.10
-3.20 ~10.20
-4.,40 ~9.40
-3.80 ~9.50
-0.80 -8.40
~4,80 -9.10
-5.90 -10.40
-35.00 -10,70
-4.80 -2.%0
-0,30 ~%.40
0.0 -3.80
=1.70 -4,80
KXEXEX ¥EXXXE

DEGREE-NAY FACTORS(AN) s RUNOFF

WISCHUA RASIN

. MAY
MAX TENP MIN TEHP
-1.10 -6.20
©-2,20 -7.80
-2,00 -7.60
0,70 -5,20
-3,00 ~6.70
-3,70 -6.30
-3.00 -8.00
-0,70 -5.50
-1.,00 -6.70
-0.,60 -%.70
-1,70 -4.40
1,30 -7.50
&.80 0,20
3,30 -4.40
-0,70 -7.10
2.80 -3.80
1.10 -1.10
4,20 -%.70
5,40 -1.20
2,40 0.10
3.70 -0.70
2,90 -3.20
-2,00 -6.90
-2,50 -7.80
-0,60 -6.70
4.10 -5.20
5.20 -1.60
3,00 ~%.90
4.40 -3,60
5,10 0.0
4,70 2,00

RANGO-MARTINEC MODEL

RATA FOR ZONE A

AN

0,40
0.40
0,40
Q.40
0.40
0,40
0,40
0,40
0,40
0.40
0,40
0,40
0.40
0.40
0.40
0,45
0.45
0,43
0.45
0.45
Q.45
0,45
0,45
0.4%
0,45
0,45
0.45
0,45
0,45
0,45
L3S 2]

APR
cs
0,95

D95
0.95
0.95
0.95
0.95
0.95
0,90
0.95
[ 4]
0.98
0.95
0.95
0.95
0.95%
093
0,90
.95
0,95
0,95
0.9%

e

¥ OODDDOOOD

Mu e e e e e e

#0000 000G

* LT

CR
1,00
1,00
1.00
1,00
1.00
1,00
1.00
1,00
1.00
1,00
1,00
1.00
1,00
1,00
1.00
1.00
1.00
1,00
1,00
1.00
1.00
1.00
1,00
1,00
1.00
1,00
1.00
1.00
1.00
1.00
Xxx%

PR

FODVDIOVDoS VLDV OLOLVOOIDIOL VL OODSOOOSO

FOR

AN

0,45
0.45
0,45
0.45
0.45
0,45
0.45
0.45
0,45
0.495
0.45
0,45
0,45
0,45
0.45
0,45
0.45
0,45
0,45
0,45
0,45
0,45
0,45
0,45
0.45
0,4
0.45
0,4%
0,45
0.4%

NISCHUA RASIN

HAY

[94-4
0.95
0,95
0.95
0,95
0.95
0,93
0,95
0,95
0.95
04+93
0,95
0.95
0,95
0,95
0.95
0.90
0.90
0,90
0.90
0,90
0.90
0.70
0.90
0,90
0,70
0,90
0,90
0,v0
0,90
0.v0
0.90

CR

1,00
1..00
1,00
1.00
1,00
1.00
1.00
1.00
1,00
1,00
1.00
1,00
1.00
1,00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1,90
1.00
1.00
1.00
1.00
1.00
1.00
1.00

YEA

J
HAX TEMP

3.00
3,20
8,70
9?.60
10.30
4,10
-0.,80
1.350
1.40
-1.,80
-4,950
-4,10
-2.,40
4,40
5.0
6420
6.30
2+40
2.90
G.40
5.50
5,60
5.70
3.00
7.60
5.30
3.00
2.80
3.80
3,50

TEKKEK

-

TO0O09OX

VOLTOVCVLICCODLOITCOOD20O0OO0DD

COFFFICTENTS FOR

YEA

Q.50
0,50
0.%50
0.5%0
0,50
L3231

R=

uN
HI

3

R=

c
0
4]
0
(4]
[
4]
(4]
0
]
o
0
0
0
0
[}
[}
o
o
[+]
o]

1974

N TEMP
~2.40
-6.70
1,50
4,40
3,30
-1.00
~5.90
-5.30
~6.30
-8.20
=770
-5,10
-6,90
-4,70
1.20
0,10
0,40
-3.00
~4,60
0,20
0.0
0.10
2,20
-2,40
-1.,40
2.50
=0,70
0.0
-1.3%0
-1.30
b3 223

SNURCCS)

1974

0n

CR

1,00
1.00
1.00
1.00
1,00
1,00
1.00
1.00
1.00
"1.00
1,00
1,00
1400
1.00
1,00
1.00
1.00
1.00
1.00
1,00
1,00
1,00
1,00
1,00
1,00
VB 1,00

A PRI R R

CERCDLDHDLDT
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AWG NG

[= = e I R I R )

TG

0.B5 1.00

,85 1,00
.85 1,00
\85 1,00
XRE KEXX

JUL

MAX TEMP MIN TEMP

8.20
6,60
670
7.90
?.60
8,30
X,20
2,70
8,00
56,80
10.30
12.80
12,00
?.70
2,00
10.50
5,90
1.50
-0.50
-1,10
0,90
3.60
8.20
13,40
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13.30
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14,20
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Figure 27. (Continued)
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2.00

' -0.40

0.70
=2.50
1.30
3.00
-2.80
-2.80
0.60
1.10
2,00
6.10
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3.70
1.40
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-2.50
-%.10
-4.,50
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4,40
3.30
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6,90
5.30

0.8%
0.85
0.8%
0.80
0.8%
0,85
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FOR RAIN(CR)»

0.70
0.70
Q.70
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0.70

3 Q.70
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0.70
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DEGREE-NAY FAUTOKS(AN) »RUNDFF COEFFICIENTS FOK SNOW(LS) s FOR RAXHC(CK)» FRECLIP METHOR(PR)

RANGO-HARTINEC MODEL FOR NISCHMA BASIN YEAR= 1974

DATA FOR ZONE R

DAY APR HAY JUN Jut.
AN ¢S CR PR AN cs CR PR AN cSs CR PR AN cs CR PR
1 0.40 0,95 1.00 0 0.45 0.95 1,00 0 Q.50 0.85% 1.00 0 0855 0.85 0.70 1
2 0,40 0,95 1.00 0O 0,45 0,95 1,00 9 0,50 0.8%5 1.00 0O 0.35 0.85 0,70 1
3 0.40 0.95 1.00 o 0,45 0.95 1.00 o 0,50 0,85 1,00 0 0.55 TL.HH 0.70 1
4 0.40 0,9% 1.00 0O 0.45 0,9H 1.00 Q¢ 0,50 0.85 1,00 ] 0.85 0,70 1
5 0.40 0.95 1.00 0 0,45 0.95 1.00 Q 0.50 0.8% 1.00 o .85 0.70 1
& 0.40 0,95 1.00 O 0,43 0.95 1.00 0 0,50 0.85 1.00 ] 0,85 0.70 1
7 0.40 0.95 1.00 O 0,45 0,95 1.00 0 0,50 0.85 1.00 (4] 0.85 0.70 1
8 0,40 0,95 1.00 0 0.45 0.95 1.90 0O 0,50 0.85 1.00 ] 0,85 0,70 1
9 0.40 0,935 1,00 0 0.45 0.95 1.00 0 0,50 0.85 1.00 0 0.8% 0.70 1
10 0,40 0,95 1,00 O 0.45 0.9% 1.00 0 0.%0 0.85 1.00 ] 0.85 0.70 1
11 0,40 0.95 1.00 © 0.45 0.9% 1.00 0 0.50 0.85 1.00 4] 0.8% 0.70 1
12 0.40 0,95 1.00 O 0,45 0.95 1.00 o 0.50 0.85 1,00 Q 0,85 0.70 1
13 0,40 0.935 1,00 0O 0.45% 0,95 1.00 @ 0.50 0.8% 1.00 (o] 0.8% 0.70 1
14 0.40 0,95 1.00 O 0,45 0,95 1.00 0O 0.350° 0.8% 1.00 ] 0,85 0.70 1
135 0,40 0,95 1.00 0O 0,45 0.95 1.00 0 0.50 0.8% 1,00 4] 0.85 0.70 1
14 0.45 0.95 1.00 0O 0,45 0,90 1.00 0O 0.50 0.85 1.00 1 0.85 0.70 1
17 0.45 0.9% 1,00 O 0.45 0,90 1.00 0 0.50 0.8% 1,00 1 0.8% 0.70 1
18 0,45 0,95 1,00 0 0,45 0,90 1.00 0 0.%50 0.85 1.00 1 0.85 0.70 1
19 0.45 0,95 1,00 0 0.45 0,90 1,00 Q@ 0,30 0,85 1.00 1 .85 0,70 1
20 0.45 0.95 1,00 O 0,45 0,90 1.00 O 0,50 0.85 1.00 1 0.85 0,70 1
21 0.45 0,95 1.00 0 0.45 0,90 1,00 Q@ 0.50 0.85 1,00 1 0,85 0,70 1
22 D.,45 0,95 1,00 9O 0.45 0,90 1.00 9 0,50 0.8% 1,00 1 0,85 0,70 1
23 0,45 0,95 1.00 0O 0,45 0,90 1.00 € 0,50 0.85 1.00 1 0.8%5 0,70 1
24 0.4% 0,95 1.00 0O 0,45 0.90 1,00 O 0,50 0.85%5 1.00 1 0.835 0.70 1
25 0,45 0,93 1,00 0 0.43 0,90 1,00 O 0.50 0,85 1,00 1 0.85 0,70 1
26 0.45 0.95 1.00 0 0,45 0.90 1,00 o 0,50 0.9% 1,00 1 0.85 0.70 1
27 0.45 0.95 1.00 0O 0,45 0.90 1.00 0 0,50 0,85 1.00 1 0.85 0.70 1
28 0.45 0,95 1.00 O 0,45 0,90 1.00 O 0.%50 0.85 1,00 1 0,85 0.70 1
29 0,45 0.95 1.00 0 0,45 0.90 1,00 o 0.50 0.85 1,00 1 0.85 0.70 1
30 .45 0.95 1.00 0 0.45 0,90 1.00 O 0.50 0.85 1.00 1 0.85 0.70 1
31 ¥XEX  XEXEX KEKEX X 0,45 0.90 1.00 O XXEX XEXR EXXX X 0.85 0.70 1
REGREE-DAY FACUTORSCAN) yRUNOFF COFFFLICIENTS FOR SNOW(LS) s FOR RAIN(CR)» PREC1F METHONCFR)
RANGD-MARTEINEC MODEL FOR NISCHMA RASIN YEAR= 1974
DATA FOR ZONE C
DAY AFR JUN Jut.
AN (-1 CR PR AN PR AN Cs CR PR AN Cs CR PR
1 0.40 0,95 1.00 O 0.45 0 0.50 085 1.00 0 0,55 0.85° 0,70 1
2 0.40 0,95 1.00 0 0.45 9 0,50 0.85 1.00 0O 0.55 0,85 0,70 1
3 0.40 0,95 1.00 0 0,45 O 0,50 0.85 1,00 Q¢ 0.355 0.85 0.70 i
4 0.40 0.95 1.00 9 0,45 9 0.50 0.85 1.00 0 0.5% 0,85 0.70 1
2 0.40 0,95 1.00 0 0,45 0 0,50 0.85 1,00 O 0.55 0.8% 0.70 1
[ 0,40 0.9% 1,00 0O 0.45 O 0.%50 0,85 1,00 0 0.85 0.70 1
7 0.40 0.95 1.00 0 0,45 0 0.50 0.85 1.00 [\l 0.85 0,70 1
8 0.40 0,95 1,00 0O 0.45 0 0.50 0.85 1.00 0 0,85 0.70 1
? 0,40 0.95 1,00 0 0.45 0 0,50 0.85 1.00 [\] 0.85 0.70 1
10 0,40 0,95 1,00 0O 0.45 0.95 1.00 O 0,50 0.85 1.00 0 0,85 0.70 1
11 0,40 0,95 1.00 0O 0.4% 0.95 1.00 0 0,50 0.8%5 1.00 o 0.85 0,70 1
12 V.40 0,95 1,00 0 0,45 0,95 1,00 9 0.%0 0.8% 1.00 0 0.85 0.70 1
13 0.40 0.95 1,00 0 0,45 0.95 1.00 0 0.50 0.85 1,00 [+] 0.85%5 0.70 1
14 0.40 0.95 1.00 0O 0.45 0,95 1,00 O 0.50 0.8% 1.00 3] 0.85 0.70 1
15 0.40 0.9% 1.00 0 0.45 0,95 1,00 0 0,50 0.85 1,00 [\] 0.85%5 0.70 1
16 0.45 0,9% 1,00 0 0,43 0.90 1.00 0 0,50 0.83% 1,00 1 0,85 0,70 1
17 0,45 0.95 1,00 0 0.45 0,90 1.00 0 0,50 0.85 1.00 1 0:85 0.70 1
i8 0.45 0,95 1.00 0O 0,45 0,90 1.00 0 0.350 0.8% 1,00 1 0.85 0.70 1
19 0.45 0,95 1.00 0 0.45 0.90 1.00 0 0,50 0.8 1,00 1 0.8%5 0.70 1
20 0.45 0.95 1.00 O 0.45% 0.90 1.00 0 0,50 0.85 1.00 1 0.85 0,70 1
21 0,45 0.95 1.00 0 0.45 0,90 1,00 0 0.50 0.85 1,00 1 0.85 0.70 1
22 0,45 0,95 1.00 0O 0.45 0,90 1,00 0O 0,30 0,85 1.00 1 0,85 0,70 1
23 0.45 0,95 1.00 0O 0,45 0.90 1.00 0 0,50 0,85 1.00 1 0,55 0,85 0,70 1
24 0.45 0.9 1.00 O 0,45 0,90 1.00 0 0,450 0.83 1.00 1t 0.%55 0,85 0,70 1
25 0,45 0.95 1,00 0 0.4% 0.90 1.00 0O 0,50 0,85 1.00 1 0.55 0.8 0,70 1
26 0.45 0,95 1.00 0O 0,45 0,90 1,99 0 0.50 0,85 1.00 1 0.95 0.85 0,70 1
27 0.45 0,95 1,00 0O 0.45 0,90 1.00 0 0.50 0.85 1.00 1 0.355 0.8% 0,70 1
28 O.45 0.95 1.00 0O 0.43% 0.90 1.00 9 0,50 0.8B3% 1,00 1 0,33 0.85 0,70 1
29 0,45 0.95 1.00 0 0.45 0.90 1.00 O 0.DH0 0.85 1.00 T 0.55 0.8%5 0,70 3
30 V.45 0.99 1.00 9 0,45 0.90 1.00 0 0,50 0.85 1,00 1 0,55 0.85 0,70 1
31 XXEX XXXX XKEEX ¥ 0,45 0.90 1.00 0 XXXX  XKXK KXXX * 05 0.HS 0,70 1

Figure 27, (Continued)
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DAy

VDN N~

LAPSE RATE(DILR)» CRIT1CAL

TEMPERATUKE(TCRT Y

RANGO-MARTINEC MONEL FOR RNISCHMA RASIN YEAR=
RATA FOR ZONE A
AFR MAY JUN
DTLR’ TCRT NTLR TCRT NTLR
0,45 3.00 Q.6% 3.00 0.+65
0.45 3.00 0,65 $.00 0.65
0.45 3,00 0,60 $.00 0,65
0.6 4,00 0.59 %.,00 0.+6%
0.45 3.00 0.45 3.00 y
065 5,00 0.65 3,00
0,45 3.00 Q.65 3.00
0.64 %.00 Q.69 3.00 9
0.45 3,00 0.45 3.00 0.65
0,65 4,00 0.6% 3.00 069
0,65 2.00 0.6% 3.00 0465
0.6%5 3,00 0,659 X.00 Qb3
0.65 3,00 0,65 3.00 0,60
0.45 3,00 0,6% 3.00 065
0.4% 3,00 0,65 3.00 0,60
0.65 3.00 0.60 3.00 0.63
0.65 3.00 0.65 3.00 0,65
0.65 35,00 Q.65 3.00 0.+65
0,65 3,00 0,65 3.00 0.45
0,65 .00 0,65 4,00 0.6%
069 2,00 0.65 3.00 0,65
0.65 3.00 0,65 3.00 0¢85
Q.65 2,00 0,65 3.00 0,65
0.65 3,00 0.6% $.00 0.6%
0,65 3.00 0.+65 3.00 0.+65
0.65 %.00 0.4% %.00 0.6%
Q.65 3.00 0,65 3,00 0.+6%
0,69 3.00 0.6% 3.00 Q.65
0.65 3.00 0.65 3,00 0.65
0.65 3.00 0.65 $.00 0.65
ERAXRK XEXX 0.65 3.00 XXRKKX
LAPSE RATE(RTLR)r CRITICAL TEMPERATURECTCRT)
RANGU-MARTINEC MODEL FOR DISCHHA- BRASIN YEAR=
DRATA FOR ZONE E
AFR NAY JUN
BTLR TCRT DTLR TCRT NTLR
0,65 3,00 0,65 3.00 0. 6%
0,65 3.00 0,65 3,00 0,65
0,65 3,00 0.65 3.00 0.65
0,65 3.00 0.65 3.00 0,65
.45 3.00 0,65 3.00 0.65
0.65 3.00 0,65 3.00 0,65
0.45 3.00 0.+6% 3,00 0,65
0.+65 3,00 0,65 3,00 Q.65
0.65 3.00 0,65 3.00 0.45
0.65 3.00 0.65 3.00 0.6%
0.+65 3,00 0,65 0.65
0,65 3.00 0,65 0,65
0,65 3.00 0.65 0.65
0,69 %.00 0,65 0.60
0.45 3.00 0.65 0.65
Q.69 3.00 0.6 3.00 0+ 65
0.65 3,00 0.6% 3.00 Q.65
0.65 3.00 0,65 3.00 0.6%
0.45 .00 0.65 3.00 0.45
0, 6% %.00 0.65 3.00 0.6%
0,645 3,00 0,465 3.00 0,65
0. 64 4.00 Q.63 %.00 0.65
0.4% 3.00 0.6% 3.00 0.+6%
D.65 3.00 Q.65 3.00 0.4%5
Q.45 3.00 0,65 3.00 0.60
0.6%5 3.00 0.6 5,00 0,60
0.45 3.00 0.45 3.00 0445
0,64 %.00 0,649 3,00 0.65
0.45 3,00 0.65 3,00 Q.65
0,65 3,00 0.6% 3,00 0,65
ERXXRXK XXX 0,65 3.00 EXRAKK

1974

TCRY
¥.00
3.00
¥.00
3.00
3. 00
3.00
3.00
3.00
$.00
3,00
4.00
3.00
4,00
3.00
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2.00
200
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L322

1974
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3.00
3.00
3,00
3.00
3,00
3.00
3.00
3,00
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5.00
5,00
3,00
3.00
3,00
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2.00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2,00
2,00
2,00
7400
2.00
2.00
2.00
(3134
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JUL
NTLR
0,65
0.60
0,60
0,65
Q.47
0.6%
0.6%
0,65
Q.60
0,695
0.6%
0.65
0,67
0.690
04+60
0,65
0.65
0.65
0.63
0,65
0.69
0.65
0.6%
D65
Q.65
0,65
0.65
0.65
0.6%
0.6
0,60

Jub
NTLR
0,640
0.65
0,6%
0.6%
0,60
QA5
0.65
0.6%
Q.63
0.6%
0.63
0.65
0,63
0.65
06D
0.6%
065
0.65
0,60
0,65
0,64
0,45
0.65
0,465
0.6%
0,65
0.65
0.65
0.6
0.65
0,65

TCRT
0,.7%
0.75
0.75
0.75
.75
0.75
0. 75
0.75
0,75
0,75
0,78
0.75
0,75
0.75
0,75
0.75
0,78
0,75
0,75
0.75
0,75
0.75
0,75
0.75
075
0,75
075
0.75
0,75
0.75
0.75

TCRY
0.75
0.75
Q.75
0.75
.75
0.75
Q.73
0.7%
Q.75
0.75
Q.75
0.75
0.75
0.75
0.7%
0.75
0.75
0.75
0.7%
0,75
0.75
0.75
0.7%
0.75
0.7
0.75
Q.75
0.75
0,75
0.75
0.7%



LAPSE RATE(DTLR)» CRITICAL

RANGD-MART INEC MDBDEL FUR

DATA FOR ZONE C

DAY APR
DTLR TCRT
1 0,65 3,00
2 0,65 $,00
3 0,465 3.00
4 0465 3.00
S 0,45 3.00
[} 0,65 3,00
7 0,45 3.00
8 0.6 %.00
? 0,63 3.00
10 0865 3.00
11 0.65 3,00
12 0.6%5 3,00
13 0.65 X,00
14 0.85 $.00
15 0,65 3,00
16 0.+6%5 .00
1? 0,65 3.00
18 0,60 3,00
19 0,65 3.00
20 0.65 3.00
21 0,65 3,00
22 0.65 3,00
23 0,65 3.00
24 0,69 5,00
23 0.65 X.00
246 V.65 $5.00
27 0.65 3.00
28 0.65 4,00
29 0,45 3.00
30 0,65 %.00
31 XXXXXX I2XX

k=
>
=

. e b s b
DNOCUADRNROVTINOCUDUWN -

DTLR
0,65
0,65
0.65
0.65
0.65
Q.45
0.6%
0.63
0,45
065
0,65
0.65
0,65
0,63
0,65
0.65
0.65
0.65
0,69
0.65
0,65
0.69
0.65
0. 65
0.6%
0,65
045
0.65
0,65
0.6%
0.65

TEHPERATURE(TCRT)

NISCHMA RASTN

HAY
TCRT
3,00
%.00
3.00
3,00
3,00
.00
3.00
3.00
3.00
3.00
3.00
3.00
.00
3.00
3.00
3.00
3.00
3,00
.00
$.00
3.00
3,00
3.00
3.00
3,00
3,00
3,00
4.00
3.00
3.00
3.00

YE

RTLR
0,65
0.65
0.6%
0,65
0.6%5
0,63
0.65
0,65
0.69
0.6%
0,45
0.6%5
0.60
0.6%
0.465
0.65
0.6%
0,65
0,65
0,465
0,65
0,63
0.65
0.65
0.65
0,65
0.65
0.65
0.65
0.65
KRX¥KXK

AR= 1

JUN

DATLY TEMP IN REGREE-NAYSC(IN) » INFUY FRECIP(FREC)

RANGO-M

ARTINEC MONEL FOR

DATA FOR ZONE A

A

on PRE
2,05
1.90
2,465
4,94
1.40
Q.73
1,35
1,45
3,15
1.6%
1.60
2359
4,35

FR
G SCA
0.19 0.880

0.046 0,880
0,0 0.875
0,0 0,875

0,04 0,875
0,54 0.875
0.0 0,870
0,01 9.870
0.0 0.865
0.0 0,865
0.0 0,865
0.0 0,850
0.0 0.860

0,10 9,855
0,03 0,850
0,353 9.8750
0.13 0.845
.07 0,840
0.02 0.835
0.0 0,845
0.0 0.830
0,03 9,830
0.0 0.825
0,26 0,825
0,59 0,820
0.31 9.820

0.0 0.02 0,815

1.95

2,90

135
AXEXXX X

0.0 0.810
0.02 0.805
0,13 0.800
XXX XKXRX

nn

NISCHMA BRASIN YEAR= 1
HAY JUN
FREL SCA nn PREC

1,15 0.21 0,800 5,10 1,49
0.0 0,22 0,795 4,05 0.0
0,00 0,03 0.795 9.90 0.0
2.35 0.0 0,790 11,80 0.0
0.0 Q.4% 0.785 11.60 0.0
0.0 0.94 0,780 6,35 0.37
0.0 0.09 Q.77% 1,45 Q.02
1.70 0.01 0,770 2.90 0.06
0,95 0,0 0,760 2.35 0.07
2:.65 0,0 0,760 0.0 0,41
1.75 0.27 0,760 0.0 0.8
1,70 0.98 0,755 0.0 1.06
8:.30 0,0 0,745 0,15 1.72
4.23 0,02 0,735 4,65 0.03
0,90 0.27 0.725 7:95 0.0
4.30 0.0 0,717 7:95 0.66
4,80 0,0 0.700 #8.,15 0.0
5.0 0.0 0,680 4,50 0.70
6,90 0.0 0,660 3.95 1.20
6415 0.0 0,649 7:60 0.0
6,30 0.26 0,600 7.55% 0.0
4,65 0.0 0,560 765 1,41
0.35 3.23 0.520 B.?75  0.65
0.0 0.48 0.480 5,10 1.59
1:.13 0.38 0.440 7.90 0.09
4.2% 0.03 0,400 8.70 0.0
6,60 0.0 0.370 3.95 2,71
4,35 0.52 0.340 5,20 0,83
$5:20 0.97 0.310 6.0% 1.33
7,35 0.0 0.280 5,90 1.82
8+15 0,02 0.250 XXEEXX KXXEX

Figure 27. (Continued)
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SNOW COVERER AREA IN X(5CAL:

P74

sCA
0230
0.2150
0,200
0,185
Q.17Y9
0.170
0.160
0,150
0.140
0,135
0125
0.115

2 0.110

0.105
0.100
0,095
0,090
0.085
0,080
0,075
0.070
0.065
0.060
0,055
0,050
0,045
0.040
0.03%5
0,035
0.030
XXX

JUL

nTLR
0,60
0.65%
0,65
0,65
0,675
0,69
0.6H
0465
0,65
0.65
Q.69
0,63
0,85
0,65
0.65
0,65
0,65
0.45
0,65
0.65
0.65
0.65
0.6
0.65
065
0.45
0.6
0.65
0,63
0,65
0.6%

TCRT
Q.75
0.73
Q.7%
0,75
0,75
0.73
0.7%
075
0,75
0.75
0.7%
0,75
.73
0.75
0,758
0.75
0.7
0.7%
0.7%
0.75
0.75%
0.75
0,78
0,735
0.75
0.75
0,73
0,75
Q.75
0,75
0.75

Jut
nn PRET SCA

?.90
7.90
B.50
7.+50
10,25
10,45
5.00
4,75
?.10
8.75
10.9%
14,25
14,20
11.50
10,00
12,55
8,15
4.30
3.00
1.95
4,40
3,30
?.40
12,65
8.80
9.10
13,45
13.10
15.20
15.35
13,35

0.0 0.03%0
0.57 0.025
0,0 0.025
0.89 0,020
0.0 0,018
0.0 0.015
1L.0% 0.010
0,03 0,005
0.0 0,0
0.74 0.0
0.21 Q.
0.0 0.
0.0
0.20
3.08
0.0
0,52
2,96
1.02
0.22
0.41 0.0

2
o
o 0.0
o 0.0



DAILY TEMP IN DEGREE-DAYS(DRD) s INPUT PRECIF(FREC)»

RANGO-MARTINEC

HONEL FUR

DATA FOR ZONE R

0.930
0.930
0,930
0.930
0.930
0.925
0.925
0,925
0,925
0.925
0.920
0.920
0.920
0.920
0,920
0.?715
0,918
9.915
0,915
0,915
0.910
0,910
0.%910
0.910
0,910
0.9205
0,905
0,903
0.900
0,900

DAY APR
DD PREC  SCA
1 0.0 0.19
2 0.0 0,06
3 0.0 0.0
4 2,15 0.0
5 0.0 0.04
6 0,0 0,34
7 0.0 0.0
8 0.0 0,01
? 0,35 0.0
10 0,0 0,0
11 0.0 0.0
12 0,0 0.0
13 §.55 0.0
14 0,0 0,10
15 0,0 0.03
16 0.0 0,53
i7 0.0 0.13
18 0,0 0.07
19 0.0 0.02
20 0.0 0.0
21 0,0 0.0
2 0.0 0.03
23 0.0 0.0
24 0,0 0,26
25 0.0 0.59
26 0.0  0.%1
27 0.0 0.02
28 0.0 0.0
29 0.10 0.02
30 0.0 0,13

31 KEXAEX RRXKK

DAY

e
WMNOP AU OOVDNRUD O -

KRXKX

NISCHMA RASTN

Hay
nn PREC SCA no

0.0 0.21 0.900
0.0 0,22 0.900
0,0 0,03 0,900
0.0 0.0 0,900
0.0 0.45 0.900
0.0 0,84 0,890
0.0 0,09 0.895
0.0 0,01 0.895
0.0 0.0 0.890
0.0 0,0 0.890
0.0 0.27 0.885
0.0 0.98 6.885
D5 0.0 0©.880
1.45 0.02 0,880
0,0 0.27 0.880
1.50 0,0 0,877
2,00 0.0 $.875
2.25 0.0 0.870
4,10 0.0 0.865
3.35 0.0 0.860
3,50 0,26 0,853
1.85 0.0 0.8%50
0.0 3,23 0.840
0.0 0.48 0,840
0.0 0.38 0,835
1.,4% 0.03 06,830
3.80 0.0 0.825
1,55 0.52 0.820
2.40 0.97 0.810
4.55 0.0 0.810
H.35 0.02

SNOW COVERED

YEAR= 1974
JUN
PREC  SCA
2,30 1,49 0.800
1,25 0.0 0,795
7.10 0,0 0,790
9,00 0.0 0,785
8,80 0.0 0.776
3.55 0.37 0.770
0,0  0.02 0.7270
0.10 0,06 0.750
0,0 Q.07 0,740
0.0 0.41 0.735
0.0 0,85 0.725
0.0. 1.06 0,715
0.0 1672 0,705
1.85 0,035 0,695
5,15 0.0 0,685
5.15 0.66 0,670
5.3% 0.0 0,660
1,79 0.70 0,6%0
1,15 1.20 0.640
4.80 0.0 0,630
4,75 0.0 0.620
4.85 1.41 0,610
5.95 0.65 0,600
2,30 1.59 0.590
5.10 0.09 0.580
5,90 0.0 0,565
3.15  2.71 0.%5%50
3,40 0,83 0.540
3,25 1 33 0.5%0
3,10 1.82 0,520

0,800 XXEEEX XKXXKX

DATLY TEMP IN DEGREE~DAYS(RI)» INFUT PREC1F(FREC)»

RANGO-MARTINEC MODEL FOR

DATA FOR ZONE C

APR
np PREC
0,19
0,06
0.0
0.0
0,04
0.34

e e e % e e e e s e oae .

VOO TV0O0OODOHODO

SO0V O0OLOO0003000

0.13

sCA
0.8%50
0.845
0,845
0.840
0.840
0.835
0,835
0,830
0.830
0,830
0.825
0.825
0.820
0.820
0.820
0,815
0.815
0,810
0,810
0.810
0,805
0.80%
0.805
0,808
0.805
0.805
0,805
0,805
0.805
0.809
p21334

DISCH
MAY

o PREC
0.0 0,21
0,0 0,22
0,0 0,03
0.0 0,0
0,0 0,45
0,0  0.84
0,0 0,09
0.0 0,01
0.0 0,0
0.0 0.0
0.0 0.27
0.0 0,98
3,03 0.0
6.0 0,02
0.0 0,27
0.0 0.0
0.0 0.0
0,0 0,0
1.63 0,0
0.88 0.0
1,03 0,26
0,0 0.0
0.0 3.23
0.0 0.48
0,0 0,38
0,0 0,03
1,33 0,0
0.0 0,52
0,0 0,97
2,08 0,0
2.88 0,02

MA BRASIN YEAR= 1
JUN
SCA nn PREC
0.805 0.0 1.49
0,800 0.0 0.0
0,805 4,63 0.0
0.80%5 6.33 0,0
0,805 6,33 0.0
0,805 1.08 0.37
0,800 0.0 0,02
0,800 0.0 0.06
0.805 0,0 0.07
0.80% 0.0 0.41
0.805 0,0 0.85
0.805 0.0 1.06
0.80% 0.0 1.72
2 0.805 0.0 0.03
0,800 2.68 0.0
0.804 2,68 0.66
0,800 2:.88 0.0
0,800 0.0 0.70
0.800 0,0 1,20
0.800 2.3%8 0.0
0.800 2.28 0.0
0.800 2,38 1.41
0.800 3.48 0,65
0,800 0.0 1.59
0.800 2,63 0,09
0,795 3.43 0.0
0,795 0.68 2.71
2 0,795 0,93 0.83
0.79% 0.78 1.33
0.795 0.63 1.82
0,790 XKKEKXX KEXEXK

Figure 27. (Continued)
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SNOW COVERER

974

SCA
0,790
0,790
0.790
0.790
0,786
0.789
Q.785
0.785
0.780
0.780
0.780
0.785
0,785
0.78%
0.785
0,785
0.78%
0.785
0,785
0.78%5
Q.,785
0.78%
0.78%
0.785
0.78%
0.785
0.705
0.785
0,785
0.790
XEEEX

AREA 1IN Z(SCAI)
Jut.

o PREC SCA
7.10 0.0 0.510
T5.10 0,57 0.300
G.70 0.0 0.4%0
4,70 0,89 0.480
7+45 0.0 0,464
7.65 0.0 0.450
2,20 1.03 0,440
1.95 0.03 0,430
6,30 0.0 0.415
S5.95 0.74 0,400
8,15 0.21 0,385

11,45 0.0 0,370
11.40 0.0 0.340
8,70 0.20 0.350
7.20 3.08 0,340
®.75 0.0 0,330
5.35 0.52 0.32¢
1.50 2.96 0,305
0.20 1.02 0,290
0.0 0.22 0.280
1.60 0.41 0.270
2,50 0.37 0.2460
.60 0.0 0.245
?.85 0.0 0,230
&6:00 1.35 0.220
6,30 0.17 0,210
10.83 0.0 0,195
10.3%0 0.21 0.180
12.40 0.0 0,170
12.55 0.0 0.140
10.55 0.0 0.1055
AREA IN Z(SCALI)
Jue

nn PREC sCa
4.63 0.0 0,790
2.63 0.57 0.790
3.23 0.0 0,790
2,23 0.89 0.795
4,98 0.0 0.797
5,18 0.0 0,795
0.0 1.03 0.790
0.0 0.03 0,785
3.83 0.0 0,780
3.48 0.74 0.775
5.68 0,21 0.770
8.¥8 0.0 0,760
8.93 0.0 0.750
4.23 0,20 0.740
4.7% 3.08 0.730
7.28 0.0 0.720
2.68 0.52 0,710
0.0 2:946°0,700
0.0 1.02 0.6%90
0.0 0.22 0,675
0.0 0,41 0,660
0,05 0.37 0.445
4.13 0.0 0,630
7.38 0.0 0,615
3.53 1,35 0,600
3.83 0.17 0,385
8:.38 0.0 ¢.570
7.83 0.21 0,360
9.93 0.0 0,550
10.08 0.0 0,340
8,08 0.0 0,530
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DAILY SNOW DEPTH BY ZONE IN CM.M¥%2(DPTH)»

RANGO-MARTINEC MODEL FOR NISCHMA BASIN

DATA FOR ZONE A

APR

BPTH GPRE
0,723 0.0
0.670 0.0
0.940 0,031
1,734 0,0
0.491 0.0
0,244 0.0
0,520 0.049
0.3506 0,0
1.092 0.001
0.522 0.0
0,555 0.0
0.A78 0.0
1.4%0 0.0
0,153 0,0
0.0 0.0
0,0 0,0
0.0 0.0
0,0 0.0
0.0 0.0
0,0 0.0
0.0 0.0
0,0 0.0
0,092 0,016
0,0 0,0
0.0 0.0
n,0 0.0
0.0 0,0
N.879 0. 187
1,052 0.0
N.hY 0.0
11111 REKEK

HAY

DPTH CPRE
0,415 0.0
0.0 0.0
0,001 0.0
1.149% 0,241
0:0 0.0
0.0 0,0
0.0 0,0
08590 0.0
0,429 0,101
1,194 0,287
0.600 0.0
0.579 0,0
3,191 0,407
1.412 0.005
0,295 0,0
1:46%5 0,076
1,513 0,0
1:346 0.0
2,080 0.0
1,772 0.0
1,806 0,104
1,173 0.0
0,083 0,0
0.0 0,0
0.22R 0.0
1.942 1,166
2.470 1,371
1,009 0,443
1,395 0.449
0.927 0.0
0,942, 0,015

DATLY SNOW DEPTH RY ZONE IN CH.MXX2(LtPTH).

RANGO-MARTINEC MODEL FOR

DATA FOR ZONE B

APR

[~

COO00O0OO0OO0O0OOCOUNCOO=OOOONOOOD
-
T

-
>

o
o

R R R R
@®
<

OO0V OOODODODO0LOVDOODIOIODO

2
Py
<]

fy]
n
m

-
@«

-
o

N
(=]

@ % o @ e e e P e e 4w e % oae s 4 oe ey s e e

CO0O000O0OOOOO0VLOOVDOVOVOODOOOLOLOOTD

DOQCODOCLOSOCOOOOOVDLDIOODODODOOO0O

¥AEXX

HAY

=2

COVOO0O0DT
-
T

e e e eoe.

DODO0OOHO

OD O
v ..
2090

0.0

2,473
0.572
Q.0

0.673
0,898
1.010
1,672
1,295
1,383
0,706
0.0

0.0

0.0

0,540
1.708
0.570
0.879
2+.0435
2,300

NISCHHA RASIN

GCFPRE

ODO0DOO0CODO0ODO0OIODOLO
MR EREEEREERERE
DONODODODOCODODOD

RAILY COMPUTER PRECIF COHRTRIBUTING TO RUNOFF (CPKE)

Jue
DPTH CPRE
G.143 0,0
0,679 0,570
0,117 0.0
0,973 0.890
0,103 0.0
0,084 0.0
1,058 1,030
0.043 0,030
0.0 0.0
0.740  0.740
0,210  0.210
0.0 0.0
0.0 0.0
0,200 0,200
3,080 3,080
0.0 0.0
0.%20 0,520
2,940 2,960
1,020 1,020
0.220  0.220
0,410 0,410
0,370 0,370
0.0 0.0
0.0 0.0
1.350 1,350
0.170 0,170
0.0 0.0
0.210  0.210
0.0 0,0
0.0 0.0
0.0 0.0

DATLY COMPUTED PRECIF

‘YEAR= 1974
JUN
DPTH CPRE
1,734 1.147
0,436 0.0
0,990 0.0
1,092 0,0
1,039 0.0
0,847 0,307
0.116 0,0
0,218 0,0
0,165 0.0
0,0 0,0
0.0 0.0
0,0 0,0
0,008 0,0
2,354 2,109
2,075 1.677
1,038 0,660
0,347 0,0
0,891 . 0,700
1,356 1,200
0,285 0,0
0,264 0,0
1,459 1,410
0,913  0.450
1,750 1,590
0,268 0,090
0,196 0,0
2.829 2,710
0,939  0.830
1.436 1,330
1,909 1,820
(332 T T T
YEAR= 1974
JUN
DPTH CPRE
0.918 0,0
0,623  0.128
2.985  0.182
3,531 0.0
3.413 0.0
1.450 0,085
0.0 0.0
0,036 0,0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.4641 0.0
2.573  0.610
2.927  1.204
1.764 0.0
0,551 0,0
0.347 0.0
2.214 0,703
1,470 0.0
2,888  1.410
2.434 0,650
2,267  1.590
1.568  0.090
1,485 0.0
3.575 2,710
1.747  0.830
2,190 1,330
2:425 1,820
AKEEE  KRRAX

JUL

DPTH
1,990
1.9721
1,539
2,130
1,900
1.892
1.561
0,490
1.437
2,048
1,935
2.329
2.206
1.874
4,426
1.759
1,461
3.211
0,031
0.0
1.288
0.99%
0.88%
1,245
2,075
0.897
1,163
1.229
1.159
1,104
0,897

Figure 27. (Continued)
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CPRE
0.0
0.570
0,0
0.890
0.0
0.0
1.030
0.030
0.0
0.740
0.210
0.0
0.0
0,200
3.080
0.0
0.520
2.960
0.0
0.0
1.0%51
0,638
0.0
0,0
1,350
0,170
0,0
0,210
0.0
0.0
0.0

CONTRIBUTING 10 RUNOFF (CPRE)
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RAILY SNOW REPTH RY ZONF TN CM.MXXZ(RPTH),» BAILY COKPUTED PRECIP CONTRIRUYING YO RUNOFF (CPRE)

RANGU-HARTINELC MUDEL FOR' RISCHMA RASIN TEAR= 1974
BATA FOR ZONE C

AFPR HAY UN Jut

W
DPTH CPRE APTH CPRE NPTH CPRE - DPTH CPRE
L 0.0 0.0 0.0 0.0 0.0 0,0 2,544 0,534
0.0 0,0 0.0 0.0 0.0 0.0 2,014 0.873
0.0 0.0 0.0 0.0 2,313 0,486 1.774 0,373
0.0 0.0 0.0 0.0 3.263 0,485 2,053 1.080
0.0 0.0 0.0 0.0 3,163 0.677 2.181 0.0
0.0 0,0 0.0 0.0 0.422 0,0 2,263 0.0
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 - 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1,874 0.233
0,0 0.0 0,0 0.0 0,0 0.0 2,221 0,740
0.0 0.0 0,0 0.0 0.0 0.0 2.414  0.210
0.0 0,0 0.0 0.0 0.0 0.0 3.752 0.0
0.0 0.0 1,361 0.265 0,0 0.0 2,682 0.0
0,0 0.0 0,0 0.0 0.0 0.0 2,734 0.200
0.0 0.0 0.0 0.0 1,338 0.288 4,977 3.080
0.0 0,0 0.0 0.0 1,998 0.948 2,881 0.0
0.0 0.0 0,0 0.0 1,438 0.30% 1,643  0.320
0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0,731 0,146 0.0 0.0 0.0 0.0
0,0 0.0 0,394  0.079 1.163  0.250 0.0 0.0
0.0 0.0 0,369 0.0 1,138 0,245 0.0 0.0
0.0 0.0 0,0 0.0 2.551 1.619 0,009 0.0
0.0 0.0 0.0 0,0 2,014 0,650 2.269 0.840
0.0 0.0 0.0 0.0 0.0 0.0 3,538 1,044
0.0 0.0 0,0 0,0 1.403  0.372 2,513 1.350
0.0 0.0 0.0 0.0 1,404 0.060 1.401 0,170
0.0 0,0 0,596 0.122 0,265 0.0 2.626 0,0
0.0 0,0 0,0 0.0 0,363 0.0 2.420 0,210
0.0 0.0 0.0 0.0 0.304 0.0 3,002 0.0
0.0 0.0 0,934 0.191 0.247 0.0 2.992 0.0
EERRE KKREX 1,022 0.0 XXX KEEXX 2,354 0.0

Figure 27. (Continued)
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DAILY COMPUTED AND ACTUAL SNOGWMELT RUNOFF DATA

RANGO-MARTINEC MODEL FOR DISCHMA BASIN YEAR= 1974
DAY APR HAY JUN JuL
COMPUTED  ACTUAL  GOMPUTED  ACTUAL  CUMPUTER  ACTUAL.  COMPUTED  ACTUAL
1 0,564 0,600 0.453 0.800 3,941 4,510 7.367 5,620
2 0,571 0,430 0,441 0,760 3,808 3,780 7.323 6,680
3 0,584  0.620 0,421 0.740 4,119 4,020 7,142 4,530
X 0,689 0,710 0.427 0,770 5,116 4,850 7.024 6,230
5 0,786 0,760 0,434 0,720 6,183 5,830 7.026 6,060
6 0,757 0,750 0.414 0.750 6,513 6.330 5,994 4,180
7 0.732 0,800 0,396 0,790 5.900 4,920 6+762 64200
8 0.716 0,840 0,391 0,870 5,066 3.990 6,140 5,290
9 0,733 0,890 0,396 0.970 4.303 3.630 5.710 5.210
10 0.751 0,950 0.413 1.100 3.801 3,260 5,784 6,610
11 0.737 0,960 0,434 1,140 3,307 2,920 5,992 6,520
12 0,735 0,990 0,440 1,120 2,894 2,670 6,323 4,650
13 0,817 1,070 0,495 1.230 2,548 2,430 6,743 6.640
14 0,873 1,230 1,111 1,470 2,482 2,540 6,950 7.840
15  0.814 1,160 1,153 1,550 2,991 2.840 7. 64Y 8.720
16 0,754 1,010 1,199 1,850 3,879 2.930 8,245 4,400
17 0,705 0.920 1,390 2.200 4,464 3,170 7.910 7.160
18 0.659 0,850 1,619 2,480 4.418 3,670 7.752 7.140
19 0,618 0.810 1.999 2,840 4,122 3.410 7.278 5,340
20 0,581 0,780 2,439 2,930 4,194 3.570 6,234 4,540
21 0.547 0.770 2.784 3.030 4,434 4.110 5,541 4,480
22 0,517 0,770 2,957 3,510 4,980 5,440 5.129 4,120
23 0,492 0.780 2,779 3.270 5,760 5,280 4,872 4,060
24 0,470 0,800 2,455 2.720 6,159 5.590 4,923 4,150
25 0.447 0,760 2.188 2.460 6,240 4,810 5,205 5,060
26 0.426 0,750 2.141 2.400 6.136 5,010 5.258 4,160
27 0.407 0.740 2.493 2,630 6,594 6.100 S.144 4,310
28 0,408 0,740 2,776 2,830 7.015 5,610 5,188 4,530
29 0,433 0,800 2.804 2,700 5.972 930 5,250 4,390
30 0,452 0,840 o111 5,040 7,197 5,610 5,306 4,440
31 REERREX  KKRKKRE 3,652 4,050 TERRERE  KERRRAX 5,265 4,810
TOTAL AGCTUAL STREAMFLOW= 390,2141
MEAN ACTUAL STREAMFLOW= 3,1985
TOTAL COMPUTERN VOLUME= 406,6025
MEAN CONMFPUTEN VOLUME= 3.3328
GOOUNFSS OF FIT MEASURF= 0.,92029
FERCENT SFASINNAL NIFFFRENCE= -4,1993

ENI' OF NATA
READY

Figure 27. (Continued)
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APPENDIX A

DETAILED PROGRAM FLOW CHARTS
Figure A—1. Flow chart for subroutines of the snowmelt-runoff model program.
Figure A—2. Flow diagram for DRVSNO, the main component of the snowmelt-runoff model.
Figure A—3. Flow diagram for subroutine READIN,
Figure A—4. Flow diagram for subroutine LAPSE.
Figure A—5. Flow diagram for subroutine PRESNO,
Figure A—6. Flow diagram for subroutine RUNOFF.
Figure A—7. Flow diagram for subroutine GOOD.,
Figure A—8. Flow diagram for subroutine IOMTH.

Figure A—9. Flow diagram for subroutine PLOTR.
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DRVSNO

MAIN DRIVER
FOR SNOWMELT—
RUNOFF MODEL

READIN LAPSE I0UT PRESNO RUNOFF GOOD PLOTR
READS COMPUTE OUTPUTS TEMP. COMPUTES COMPUTES PLOTS ACTUAL
PRECIP. AND COMPUTES GOODNESS OF
NAMELIST TEMPERATURES SNOWMELT & COMPUTED
NPT eetelhgiio SNOW COVER PRECIPITATION RUNOFE FIT, VOLUME & UNOFF
INPUT PERCENT DIFF.
10UT IoUT PRPLOT
OUTPUTS A&‘:Kﬂfm FORTRAN
SELECTED S MPUTED PRINTER PLOT
NAMELIST DATA UNOEE ROUTINES

Figure A—1. Flow chart for subroutines of the snowmelt -runoff model program.




ENTER
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INITIALIZE
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READIN
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INPUT DATA

END OF DATA
?

PROCESS
TEMPERATURE
LAPSE RATE

LAPSE

CONVERT TEMPS
TO DEGREE-DAYS
EXTRAPOLATE TO

ZONES

TERMINATE
SNOWMELT
RUNOFF MODEL

k.
-

PRINT
INPUT DATA
?

10UT

WRITE TEMP,
PRECIPITATION
AND SCA TO
PRINTER

e,
-

PRESNO
PROCESS PRECIP
FOR DRY & WET

SNOW CONDITIONS

1

RUNOFF
COMPUTE DAILY
STREAM RUNOFF

ACTUAL
DATA
AVAILABLE
?

GOOD
COMPUTE NASH-
SUTCLIFFE
GOODNESS OF
FIT

PLOT
RESULTS
?

YES

PLOTR
PLOT ACTUAL &
COMPUTED
HYDROGRAPHS

i,

NO

)

INCREMENT
MODEL
RUN NUMBER

READ ANOTHER
SET OF NAME-

LIST DATA
T

Figure A—2. Flow diagram for DRVSNO, the main component of the snowmelt-runoff model.

66



=

ENTER
READIN

INITIALIZE
END OF DATA
FLAG

MODEL
RUN NUMBER

=17 YES

READ
CLIMATOLOGICAL
NAMELIST INPUT
DATA/CLIM/

READ
BASIN DEPENDENT
NAMELIST INPUT
DATA/BASE/

END OF DATA
?

READ
PROGRAM OPTIONS
NAMELIST INPUT
DATA/OPT/

END OF DATA
?

WRITE BASIN
HEADER INFO &
PROGRAM
OPTIONS

LAPSE
RATE DATA
AVAILABLE
’

WRITE
MESSAGE

10UT

WRITE RUNOFF
COEFFICIENTS,
DEGREE-DAY
FACTORS AND
LAPSE RATE DATA

ADDITIONAL
INPUT DATA
?

PRINT
RECESSION CO-
EFFICIENTS FAC-
TORS & AREA IN
EACH ZONE

I—

Y

SET
END OF DATA
FLAG

TERMINATE
READIN

Figure A—3. Flow diagram for subroutine READIN.



ENTER LAPSE

CK FOR UNITS

(ENGLISH/METRIC}

& SET BASE TEMP
TOOQOR 32

CONVERT
TO DEGREE—
DAYS?

NO

INPUT
TEMPS ARE
MAX—MIN
?

| 2 NUMBER

- OF DAYS
SUBTRACT
BASE TEMP FROM T GREE
INPUT TEMP FOR MEAN
ALL DAYS DAY M?ETHOD
EFFECTIVE
MINIMUM
EXTRAPOLATE 'I'SEEJP!:?h;‘Alrl‘JJI:‘E
TEMPS? TO 0 OR 32
EXTRAPOLATE -
TEMP TO ELEV AUTOMATIC
ZONES USING COMPUTE
GIVEN LAPSE TEMPERATURE
RATES /e IN DEGREE—
Y
‘ 1 > NUMBER DAYS
OF ZONES I
SUBTRACT
MEAN ELEVATION
FROM STATION

END LAPSE

A
ELEVATION
EXTRAPOLATE
TEMPS TO ELEV

ZONES USING

1
COMPUTED LAPSE
RATES

Figure A—4. Flow diagram for subroutine LAPSE.
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ENTER PRESNO

1

INITIALIZE
NON-SNOW COV-
ERED & TOTAL

PRINT
RESULTS?

PRINT
COMPUTED
PRECIP FOR
RUNOFF

END PRESNOQ

ZERO OUT SNOW COVERED
PRECIPITATION AREA ARRAYS
ARRAY T00
[ o1\ IF NON-SCA
METHOD, ASSIGN “NOTE:
| > NUMBER ‘ S0 TO INPUT SCA. S0 = NON-SCA
OF ZONES IF TOTAL SCA

S1=TOTAL SCA

METHOD, ASSIGN

S$1 TO INPUT SCA,

|

INITIALIZE
PRECIP INDEX
FOR ZONE INPUT

& INITIALIZE
ACCUMULATED
SNOW TO 0

J 2 NUMBER
OF DAYS

J- J+

COMPUTE
RUNOFF FACTOR,
R

RAINFALL =
0?

TEMP
BASE TEMP
?

ACCUMULATE
SNOW TO BE
MELTED LATER

SET COMPUTED
PRECIPITATION
FORRUNOFFTOO0

— 1

—

ASSIGN INPUT
PRECIPITATION
TO COMPUTED
PRECIPITATION

ACCUMULATED

SNOW =0
?

RUNOFF
ACCUMULATED
SNOw?

SET COMPUTED
PRECIP TO IN-
PUT PRECIP +
EXTRA PRECIP
HELD

SET ACCUMULATED
SNOW TO ACCUMU-
LATED SNOW
RUNOFF. 1e., SNOW
TO BE MELTED

 E—

I

COMPUTE PRECIP
FROM SNOW
ACCUMULATED &
TOTAL SCA
P = P+SNOW (1-S1}

RESET
ACCUMULATED
SNOW TO O

¥

COMPUTE
EXTRA PRECIP
FROM PRECIP
HELD FOR TOTAL
SCA
| IR
COMPUTE
PRECIP FROM
NON-SCA
P =P {1-50)
Py
é

Figure A—5. Flow diagram for subroutine PRESNO.
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ENTER RUNOFF

INITIALZE
COMPUTED RUN-
OFF ARRAY TO
0

l

OBTAIN PROPER
CONVERSION OF
UNITS

FORECAST
MODE?

SET DAY TO
EVERY 7th DAY

12 NUMBER
OF DAYS LOOP
OVER ND

YES NO

PRINT
RUNOFF BY
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WRITE RUNOFF
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WRITE TOTAL
COMPUTED DAILY
STREAMFLOW

TERMINATE
RUNOFF

Y

INITIALIZE

ZONE RUNOFF

J0OO0

YES

COMPUTE
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YES
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DAY RUNOFF TO
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J = NUMBER OF
ZONES LOOP
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STREAMFLOW LAG
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I

—
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Figure A—6. Flow diagram for subroutine RUNOFF.
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ENTER GOOD

COMPUTE MEAN
& TOTAL ACTUAL
STREAMFLOW

COMPUTE MEAN
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SUTCLIFFE
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Figure A—7. Flow diagram for subroutine GOOD.
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Figure A—8. Flow diagram for subroutine IOMTH.
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Figure A—8. (Continued)
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Figure A—9. Flow diagram for subroutine PLOTR.

74



l&'l

)

APPENDIX B

FORTRAN Source Listing for the SRM Program and Subroutine PRPLOT with Compilation on the IBM 3081.
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START
START
START
START
START
START
START
STARI
START
START
STA3T
START

START
START
ST1ART
START
START
STLRT
STERT
sSYsRT
START
SYART
START
START

STARG
START
START
START
START
STARI

START J0O8 1716 X7CGRMSTA

XX XX
XX XX
XX XX
xXx XX
XX XX
XXAXx
XXX ¥
XX XX
XX 194
XX XX
XA XX
XX XX
XX
XXX

AXKX
XX
XX
XX
XX
X<
XX
XX

AXXAXKY XXX
XXXAXXX XXX

XXXEXXXAXXXX
XKXXXKEXXXXXXX
XX

AX

XX

EAXXXEXF
AXXXAKLIKA

AX
XX
XX
XX
%X

X x X
X X X
AR X
XXXXXXXXX
XXX
X X X
X X X

XXXXXXXXAXXX
XXXXXXXXXXX
XX XX
XX
XX
XA
XX
XX
XX
X%
XX
XX

KXXXKXXXAXXAXY

XXXXXXXRXXXX

XX

XX

XX

XXXXXXY XX

XXXXXXXAAX
XX
Xx
XX

XXXXXXX>XXXK

XXXXXXRXKAX

XXAKEX XA MK

XXXXXXAXXX
XXXXXXXXXXXX
xx XX
}2 3

XX

XX

XX XXXXX
XX XXXXX
A% Xx
XX XX
XKXXXXXXXXXXX

XAATKXXAX XX

AXXXXXARXX XX

XXXAXXXXX XXX

xXx

XX

£X

YXXXXXAXX

AXXXXXXXXX

XX

XX
XX

XXXXXXXXXXXX

XRXXXAXXXXX

ANXXKRFAENX

XXXXXXAXRXAX EXYXAKKXXX
XX rx XX
XX rR aX
Xx XX XX
KXAXAXEXLAXX AX
LEX X%
x XX
AX Xx
X XX

XX XAXXXXAXXX

X XXXXXARXXX

XXXXXXXXX AXXALXXAXX

XXXXXXXXXX XXXXXXXXXX
X XX XX
XX XX 193
XX XX XX
XX £X XX
XX XX XX
XX XXx XX
XX XX XX
XX XX XX

AXXXXXANXX XXXKXKXXXX

AKXXXXXX S X KXXXXXXXXX

TAPE1 05:123:26

XXKAXXXXXXXA
XAXXXXX X XXXX
XX XX
XX XX
XX XX
XXXXXHAXXXXXX
XXXXXXXX XXX
XX XX
XX XX
XX XX
X% XX
XX XX
XAXXXR XX
AXXNIAX XXX
XX XX
%X X
XX XX
133 XX
XX XX
F$3 XX
XX XX
£X XX
XXEXX <X XXX
AXAXX K XX
XXXXXXXXXRAX
XXXXXXKAX XXX
XX XX
XX
XX
XA
XX
XX
XX
XX
XX
XX

FRI 07 JAN 82 (83/007)
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XX XX
XXX XXX
XXX XXXX
XX XX XX XX
XX XXXX AX
XX XX AX
xXx AX
XX xx
XX X
XX XX
XX X
XX Xxx

XX

xXX

xXXX

X«

XX

%X

XA

XX

XX

XX
XXXKXXXXXXX
XXXXXXXXXX

XXNKXXXF KX AR
XXXXXXXKXXx

xx

X
XA
XX
XX
KX
xx
XX
Xx

X
XX
XX
XX
XX

XX
XX
x

XX
XX
b
XX
XX

XXXXXXXXXXX
XXXXXXXXXXXX

XX
XX
XX
XX
XX

CLASS €/5TD.

XXXXXXXXXX
XXXXXXXXXXXX
XX XX
XX
XXX

XXX XNXXXX

XXXXXXXXX
XXX

XX

XX XX
XXXXXXXXXXXX
XXXXAXXXXX

XXXXXXXXXXXX
XXXXXXXXXXX
XX XX
XX
XX
XX
XX
AX
XK
XX
XX
XX

AXKXXXLSAR

AXXXXXCRXK
XX
AX
¥
YX
XX
XX
XX XX
XX KX
XXXKARXY
XHXXXX
XXX XXXXXKXX
XXX XXXXXXXX

XXXXXXXXX XXX
XXX XXXXX XXX
XX XX
XX

XX

XX

XX

XX

XX

XX

XX

XX

XX
XXX
XXXX
XX
XX
XX
XX
XX
XX
XX

TOXXXXXAXXXX

XXXAXXXXXX

KXAXAXAXXX
XXXKIXKKAX XXX
XX XX

XXXXXXX XXX
XXXXKXXX.XXXX
Xx XX

XX
XXXNXKXXXXXX
XXXXXXXKXXXX

XXX

XXXX

XX XX

XX XX

XX XX
XXXXXAXXXXX
XXXXXXXXXXXX

XX

XX

XX

XX

Xx

XXXXKXXKXX
XXXXXXXKKXXX
XX XX
XX
XX
XXXEKXXXXXXX
XXXXXXXXXRXX
XX xX
XX XX
XX XX
XXXXXXXXXXXX

KXKXXXXKXXX

LS Xx
XXX XX
XXKX XX
XX XX XX
X Xa xx
L9 XX XX
X XX XX

XX R X%
XX XAXA
XX XXX
XX xx
XX X
ERXXXXXX
XXXXXXKXXX
XX xx
XX XX
XX XX
XX Xxx
XX XX
XX XX
XX XX
XX XX
XXXXXXXXKX
XXXXXXXX
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SNOW,

00010
00020
00030

" 00040

00650
00060
Qouo070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00229
00230
00240
00250
00260
00270
00280
00290
00200
00310
00320
00330
00340
00150
00460
00370
00389
Q0?0
00400
00410
00429
00430
00449
00450
00460
00470
00480
00490
Q0500
00510
Q%20
Q0530
00u40
QOS50
00340
00570
o0ug0
Q0520
00600
00410
NQ&z0
QOARD
00540
004650
QOAAD
Qnasn
n0aRQ
0046v0
00700
00710
[ orgedy]
00730
00740
Q0750
007560
00770
00740

MELT.RUNOFF ,HORFL .FORT
RLOCK DATA
c
CHERIRERRRRR TR R KRR R KRR R RN MK R RO RN RR KRR KRR R R RRR KR KRR R

FUNGCIL1ON - RLOCK DATA CONYAIHS AL OF THE NAHMELIST AND
DUTPUT VARTIARLES IN ALL OF THE COMMON BILOCKS
USFD IN THE SHOWHMEL T-RUROFF KOBEL FROGRAK,
NEFAULT VALUES ARE INDICATEQ WHERE APPILICIBLE

COMMON RILOCK VARIARLES
COMMON  TYPF  NEFAULT NFESCRIFTION

OUTNAT

- PRECIPITATION CONTRIBUTING
T0 RUNOFF 1N EACH ELEVATION
ZONE(HETICHIFNGS IN)

ANF1X QUTNAY R%4 - COMFUTER AVERAGE NAXLY
STREAN RUNOFF (METIMXX3I/SECSH
ENGIFTXX3/GED)

X1 OUTINAT Rk4 - ARRAY CONTAINING RUKMRER OF
NAYS FOR FLOT RUUTINE

TEWFT ouTnAT R¥%4 - COMFUTED TEMPERATURE IN
REGREF-DAYS

NANELIST /CLIM/ PARAMETERS
CLIMATOLOGICAL NATA

THAX TRASF R¥4 - MAXTIHUK NRALLY TEWFERATURES
RECDRNED FOR RASE STATI(ON
(METICHIENGEF)

TMIN TRASE R%4 - MININMI BAXLY TEWKPERATURES
RECORAET FOR RASE STATION
(METICFNGIE)

T CLINAT FRx%4 - TEMFERATURE BATA EXPRESSED
IN NEGREE-DAYS(HFETIC-N}
ENGIF-11)

S CLIDAT Rx4 - SNOWCOVER AREA 1N EACH

ELEVATIUN ZONFE(1.0=100%)

FRECF CLTINAT FRX4 - IALLY MEASUKEN FRECIFAITAYLION
(METICMIENG: [N)

ACTUAL CLINAY R%4 - ACTUAL SIREAK KUNOFF FROM
HISTORICAL OATA
(HET SURRS/SECSENGIFVRRS/SEC)

TCR1Y CLINAT Rx4 - TEMPERATURE CONVERSL1ON
FACTUOR FDR RAIN/SNOW CHECK

ND CL.ThAY x4 183 NUMHER OF SROWMELY DAYS

NAMFL IST/RASE/ FARAMETERS
RASTN DATA

EASIN RASNAT  R%8 RASIN NAKF

IYEFAR RASHAT  Tk4 1979 MODNFL YFAR

N7 BASHAT  1¥4 4 NUMRER 0OF FLFVATION ZONES
AREA RASNAT R%8 - AREA 1H FACH ELEVATION

CUNFAMET MAX2iENGIFTXER2)

X BASDAT Rx8 088470 X PARAKETER TH COKFUTING
RFCESSTUN COFFFICTENT K

MONOMONAONMN 0T o000 MN0000707°000005S0000000009%00000000000000000%000000000000000

A RASNAY R*8 =0.067700 Y FARAKETER 1N COMFUTING

77



00770
QOROO
QoRIC
003%0
00830
QORAC
00859
00R&0
QOR7GC
00880
QOR?0
00900
00910
00920
00730
009240
00950
00960
00v 70
009?80
00990
01000
01010
01020
01040
01040
01030
01060
01070
01089
01090
01100
01310
01120
01130
01140
011350
01140
01170
01180
01190
01200
01210
Q1220
01230
01249
01250
012460
01270
012480
e1290
01300
013190
01320
01330
01349
01350
Q1360
01379
01380
Q1390
01400
01410
Q1470
01430
01449
01400
01440
01470
01480
01490
01500
01510
Q15720
Q1530
01540
[ R
Q1560
0iG70
011480

C
c
c
C
c
C
C
C
c
c
C
c
c
c
C
c
C
c
c
c
C
c
C
C
c
c
c
c
c
c
[
c
C
c
[
[
C
c
C
C
[
c
C
[
C
c
G
c
c
c
c
o
[
c
C
c
C
c
C
C
[
c
C
c
c
c
c
c
c
C

FIDR

FOMZ

QNS

LTLR

AN

cs

CR

IFR

ZMEAN

STATHN

HAXMIN

IEXT

IREGHY

IRUN

MODE

IFLT

IFRINT

UFLAG

ACTFLG

RENFESSTON COFFFICIENTK

GAGE R¥A 1.0 FREVIUUS DIiaY KUNOFF Al
STRFEAHM GAGLE,

GAGE R%4 0.0 FRFYLOUS LAY-1 RUNGEE AT
STREAM BAGE.

GAGE R%8 0.n0 INMT1Al RUROFF VALUE.
THIS VALUR SHOWL. U BE THE
ACTUAL NIATA VALUE naY
ACTDAL (1) -2,

RASDAT  R¥4 - ANLIUS TMENT FOR TEMPERATURE
LAPSE RATF(MFTIC-N;
ENGIF-1D)

RASNAY R¥4 - HEGREE T'AY FACTORS
{MET:CM/C/RAYSENG S IN/F/UAY)

RASIIAT  RX4 - RUNOFF COEFFIGCIENYS
FOR SNOW

RASAT  R¥%4 - RUNDFF COEFFICIENTS
FDOR RAIN

RASNAY  XX%2 - PRECIFITATION KETHUR OFTION

O=NIN-SNUW COVERED AREA
1=T07al AREA

TRASFE Rx8 - HYFSOMETRIC KEAN ELEVATION
OF EAGH ZTONE

TRASE kxg - ELEVATION OF RASE STA1TON

TRASE 1%2 0 FLAG 10 1HMICcAE IF TEKFS

ARE TNFUT AS MAX-MIN
O=TEMFS NOT A8 MAX-MIN
1=TEMFS INFUT AS MAX-HIN

TRASE 1%2 ] FLAG XF TEKFERATURES ARE TR
BF AUTUOMATICALLY FXTRAFDLATED
TO ELEVATION ZOHE,
SINGLE STATTON TNFUT ONLY.
O=EXTRAFOLATE US1IHG GIVEN
CLAFSE RATES.,
1=AUTOMATICALLY EXTRAFQI ATE

TRASE Tx2 1 FLAR TF TFWUFERATURE I8 T0 KF
COMFUTEN IN DEGRFE-DAYS
O=NO COMFUTATION NECESSARY-~
IEMF IS TNFUT TN DEGREE-
BAYS .,
L=COUFITFE TENMF. IN DEGREE-
DAYS.

NAMFLISTIZOF I/ FARAKMETERS
FROGRAM CONTRUL ANTI DFTIONS

GFTRAT  Tx? 1 RUN SEQUENCE NUMRER

QFTNAT  T%? [ SHOWMEL T MHORF.
0=gTMINL.ATION MODE
1=FORECAST RKRONFE

GFTRAT  Tx2 1 FLQT OFI11LON
0=NO FLOT
1=PL.OT

OFTRAT  I%2 [ FRINY QrTYXON
0=NB FRINT
1=FRINT

QPTRAT  Tx? 0 UNTTS FLAG
O-METRIC UNITS
I=FNGLISH UN11S

OF TRAT  Tx2 1 ACTUAL DATA FI AG
0-NN ARTUAL TATA
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01590
01600
01610
014620
01630
01540
01450
014660
014670
01480
01690
01700
01710
01720
LA W]
01740
017450
017460
1270
01780
01790
01800
01810
01820
01830
01340
01850
01860
018790
01880
018v0
019200
01910
01920
01v 30
01940
0192%0
019460
01970
01980
01990
02000
02010
02020
02040
02040
02050
02040
02070
02080
02090
02100
02110
02120
02130
02140
021750
021460
0217¢
Q21R0
f2190
02200
02210
02220
02240
02740
02250
Q2260
02270
nareo
22290
GiX00
02310
92320
023130
02340
02350
02340
Q2270
02380

1=ACTUAL RATA

IZONE OFTRAT  Tx2 IK0  FONF HATA FLAG
[ZONE( V) =TFHPFERATURE LAFSE
RATF nala
TZONE(2) :FPRECIFPITATION TATA
IZONE(S)~RUNOFF CUFFFICTENTS
0N 7UNF 0ATA AVATLARLE
1=TATA INFUY RY ZONES

INTFLG OFTIAY 1E ¥ 1 TFRFERATURE LAPSE KATF FILAG
0-=ND TEUFFRASURE ILAFSE RATE
DATA AVATLARLE
1=TEMPERATURE LLAFSE RATE
DATA AVALLARLE

MTHD OFTRAT T2 1 METHONR USER 70 GOKPUTE
THEHMPERATURF TN DEGREE-
DAYS IN TEWPERATURF FPRE-
PROCKESSING RUNTINE
O=MEAN HETHOD
1=EFFECTIVE MINIMUM METHOD

ITFPROC OFTNAT  TXx? 1 TFHFERATURF PRE-FROCESS1ING
FLAG,
0=N0 FRE-FROCFSSING
1=FREFROCESS TEMFERATURES

O0O0OODNON%0D000T000000000N0ONONO0N0NN00ONON

IFRRUN OGFTRAT  1%2 1 FRINT RUNHOFY VALUFES FER 7ONE
O=NO FRINT
1=FRINT
ISTHTH OFTIIAT  Tx4 4 IMIEGER TNNICATING START
MONTH 1F MOOFL
C IENMTRH OFTHAY Ix%4 4 ANTEGER THMICATING FND
C MONTH UF MOREL
c
C EXTERNAL REFFRFNCES - NONE
c
Iy CALLED FROM - NONE
c
[ DESTIGNFR/FRUGRANNER - G.MAJORs RESFARCH & NATA SYSTEMS INC,
c
C LANGUAGE/COMFUTER - FORTRAN TIV/IRM 360/91 AT GSFC
c
CREXEFRRREKIOREREERKRREERRRRRRERRRKRR KRR KR KK AR KRR R KRR KRR KRR KKK KK kK
o}
c
RFAL ¥8 BRASINsAREArXsYsQNS»7HFAN»STATN
C
INTEGFRX? TRUNyMOLRF» IPRRUNs IFLT» IFRINYI2UFLAGrALTHL G2 V20NF »
1 [RTFLGyMTHN s TIPRUCYMAXMINY LEXTs TREBNYy [FR
c
C NAMFL IST CLIKATOI OG1CAL. 1'ATA COMMONS
C
COMMON/CLTINAT/T(344698)8(34698) s FRECIF(36698)rACTUAL (366)
1 TCRIT(3462yND
c
COMMON/TRASE/ZMEAN(B) 9 STATNy THAX(366) » THINC(I66) s UAXMIN» TEXT,
1 InEuDY
[
I NAMELIST RASIN DNATA COMMONS
C
COMMON/RASNAT/RASINC(Z) s AREAL(B) s Xs Vs IITLR (3669 8) v AN(36698) »
1 CS(546698)sCR(3AE)sN7 s IYEARSIPR(35658)
c
c -
C NAMEL TST OPTIONS& COMMON
c
COMMON/OFTRNAT/ISTHTH» TENMTH IRUNs MORE » AFRRUN AFLY s IFRINT S UFLAG
1 ACTFLGs IZONE(3) s TUTFLGsMTHR» TTPROC
o}
[ OQUTPUT NhATA COMMON
c
COMKON/OUTDNAT/P (665 8) s UNFAX(367) s X1(3E7) »y TEMFT(5669R)
c
c STREAMFLOW LAG AT STREAN GAGE COMMON
c
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02390
02400
02410
02420
02430
02440
02450
07460
62470
02480
02490
02500
02510
02520
02530
02540
02550
02560
02570
07580

DTER0
NrAS80

(\’)D“h
02910
02920
02930
02940
02950
02940
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
Q3070
03080
03090
03100
03110
03120
03140
03140
03150
Q03140
Q3170
23180
0190
13200
Can
03220
03230
Q3210
03250
QA 40
0r770
03280

090

COMMON/GAGE/QNS»FIR(IA7) s FIIMP (E67)
DATA STATFHMENTS

DATA 1/2928%0.,0/
UATA S/2928%0.0/
ATA FRECLIF/2928%0,0/
UATA ACTUAL/3564%0,0/
DATA TCRIT/364%0./
OGATA NTG/183/

DATA THAX/346%0./
TATA THIN/366%0./
DATA RASTN/’SOUTH FO’s ‘RK ‘/
TAYA AREA/1.3N7:2.807s9,.5N7992.20754%0, N0/
DATA X/70.884N0/
ODATA Y/-0.067700/
ATA GNS/0,.NO/

TUArA FUR/367%1./
DaTA FIN2/3487%0./
naTa UTLR/2928%0.0/
aTn AN/2928%0.0/
“ATH C£S/2928%0.0/
eTh CR/Z3LA%0,/
"ATN NZ/4/

nelas JYFARZI®Z9/
ars IFR/2928%1/
DAYA ZHEAN/EXO IO/
A1 STATN/O.TOY
I'eYf MAXMIN/L/

aln TEXTs/0/

nale INEGRY/Z1/

vy TRUNZLY

nere MONE/ZGS

rara IFLTZ70/

¢ IFRINTZQ/

TATA UFILARZD Y/
ACTFLGA 1,
TIONE/73%0/

T INTRLGRA T,

Tt MTHNDCOY

Ter TIRRQC/L/

TATA TFRRUN/L/

DATA 1STHMTH/4/

NATA TENMTH/S9/

0DATA FP/2928%0.0/
ATA GNF1X/367%0.0/
NATA X31/347%0,07
ATA TEMPT/2928%0,/

END

HAIN PROGRAM FOR SHOWMEL T~RUNCGFF MONEL (BRVSNO)

CRKRERERE KKK KRR KRR KRR R KRR RN KK R KRR KA R R KKK KRR R R KKK KRR ARK

SONNO000N00N000N0D0DNO0N0N0%NM0

NnAANNANn oA

FUNCYTON - THIS IS THE MAIN FROGRANM DRIVER FORK THE SNOWMELY-
RUNOFF MONEL FROBRAM AS NEVELOPER RY J.MARTINEC
AN A, RANGO,

THE SNOWMEFLT-RUNGOFF MOIFL FROGKRANM COKFUTES THE STRRAK RUNOFF
FOR ANY MOUMTALNOUS RASIN FOR AMNY SNOWMELT SEASON UP T0 365
DAYS AND ANY NUMRER OF ELEVATION ZONES UF TQ & ZOHES, THE
BRASXE INPUT FARAMETERS ARE SNOW COVERED AREA» TRMPERATURES

AND FRECTFITATION RATA. THE DATA MAY RE INFUT FOK EACH ZONE
ANTI MAY RE INFPUT IN EITHER METRIL OR ENGLISH UNITS,

THE SNOWMEL T-RUNCKFF MODEL PROGRAIM CAN RE QFERATET IN ETTHER

A STMULATION HORE WHERE THE COMPUTER STREAM RUNUFF 1S COWFARED
TO ACTUAL STREAM RUNDFFC(IF AVATLARLE) OR A FORCASYT MORE WHERF
THE STREAM RUNUFF XS COMPARED TO ACTUAL RUNOFF EVERY 7TH DAY,

INFUT PARAMETERS ARE READ TINTO THE FROGRAM FRUM THREF NAMFLISTS,
ZCLIN/Z UONTAINING CLIMATOLOGICAL DATA»/BASE/ CONTATNTING BASTN
DEFENDRENT DRATAs AND /0FT/ CONTATHING PROGKAN OF1XONS.

AS AN OFTION ALL 1INFUT FARAMFYERS CAN RF REPRODMUCER AS OQUIFUT

UN A MONTHLY RASIS. ALSO AS AN UPTION A FRINTER FILOT CAN RE
FROMUCED WITH COMFUTER SIREAKMFLOW AND ACTUAL STREANMFLOW FPLOVTFR
AS NISCHARGE RAIF US. NUMBER OF NAYS, A “GMIONFESS OUF FIT” MEASURE
AN TOTAL ACTUAL ANR STHULATER STREAMFLY 1S FRONUCEN AS QUTPUT

EXTFRNAL RFFERENGES--

REANIN -~ RFANS [N NAMFLTST AMID NTHER INFUT DATA

FRETHF - FXTRAFQI ATES TEMFERATURES TO EI FUATION ZOQNE AND
COMFILIES TEMFERATURES TN NEGRFF-TAYS.,

FRFSNN - CAITI ATFS FRECTRITATION CONTRIWMIING T RUNOFF
FOR EACH FIFYATIUN /ONF TN BASIN  FROM NRY
SNOY (HON-SROW COVERFII AREA) OR RYFF SNOW (1074l
ARFAY CONDTTOINS,
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03270
03300
03210
63320
13320
03340
03350
03460
03270
03380
03396
03400
03410
03370
02340
DELEN
01440
DAyan
0170
N3R89
G1ag9n
03500
03%10
01520
03530
N1S40
04550
63940

n1700
03710
03770
03730
03740
Q37250
03760
03770
037R0
03790
Q3IRQO
03810
02820
Q3R20
03840
Q3RTO
Q3840
Q3870
Q38K0
03890
Q3ro00
Q1910
03920
03940
03940
03950
039460
h3v70
03980
QIR0
Q4000
04010
04020
04030
04040
Qa050
04060
04070
04080
Q40%0
04100
03110
04120
031120
02140
D450
A E-N N4
04170
04180
EERR ]

MO NN NN aONoOnTI00nNn

o

RUNOFF - COMBOTFS THE PRENICTED STREAM KUNOFF RASED ON THE
SHOMKEL T-RUNUFF MN0EL EQUATIONS RY RANGO AND MARTINEC

Gaon - CALCULAVES YHE NASH-SUTCLAFFE GOONNESS OF FIT MEASURF
ANIL COMFUTES THE MEAN ACTUAL SIREAMFLUW, FREDICTED
SFASONAL VOLUKE ANl FER CFHY SHEASONAL NIFFERENCE
RETWEEN AUTUAL ANN FREUICTED STREAHFLOW

FLOTR - CONTAINS FILOT ROUTIHES FROM THE FORTRAN FRFPLOT
FALKAGFE YO PLOT AUTUAL AND FREDICTEN STREANFIOW
Iout - UTIITY PROUGRAI TG QUIFUT RFSULTS IN MONITHLY ANRD

NATLY FURMAT.

CALLET FROMS
MOIHTING - THTS 18 THFE MATN DRIVER

LANGUAGE Z/CONFUTER - FURTRAN ITV/IRM 360/91 AT GSFC
OESTGNFR/FROGRAMMFR - GL.MNAJOK» RESFARCH & 1ATA SYSTFHS, INC,
REFFRENCF - RANGU»A, AND MARTINEG:J. (1979) AFFLICAIION OF A

SNOWMFL T-RUNQFF MODEL USTNG LANTISAT DATA,
NORDIC HYNROLQGY Vi .10,

CREAEKRIRRERRR KRR ERRKRERER R KRR RN RRE R KRR R R KRR KRR KRR LXK KKK

C
c

c

[

r

CRR¥xR

-

REAL¥R RASINsARFAI X T2 QNS 7MFANSSTATN

INTFGERX? IRUNsHONEs IFRRUNy TP T TPRINT 2 UFLAGr ACTFL Gy 1ZONE »
TOUIFL G MTHN TTRROC, BAXMIM TEX Ty IIFGNY s SRy TOFI.GsRIFLG,
COF) Gy NTFLG10FLGHFOFLG

DINFNSTON FHNNE (3689 7)

CNENAN FILQURS £ bt kX

COMBON/CE TNAT/ T84BT RETAAWRISFRFUTIF (S48 s ALTUAL (566)
TPRIT (AR SN

COMMONSTRASE Z7HFANIRI P STATN THAX (L6619 THINCA&RE) s HMAXMINS LEX »
Thruny

COMMON/DUTTNAT/F (&6 Ry ANFIX(S367) s XU(RE7)IH» TEMFT(RA658)

COMMON/RASNAT/RASTN(?) cARFA(H) s Xo Y NTI RIIAS&IR) »ANCS8698)
URS8AsH) s CRIBALSY NI IYFAR» IFR(3A4:8)

COMMON/QFINAT/TRTHTHs TFNMIH TRIENs MNNF » TFRRUN» 1LFL T s AFRINT UFL AGs
ALIFLGy LZONF(3) s ERIFLGG» MTHD» TIPROC

COMMON/GAGE/QNSsPRRCIE7) 2 FHKZ (367)

CRERXRRKRREXERRKRRRKEAKKRKKKERY

0onNnOOnD

NN

Lel

[zEvReRe]

10

NATA RUNNDF/2928%0.0/
REAN TINFUT NATA -- CAIL RFATUN

ISFT=0
CALI RFANINCISET» TENDD

IF FNN OF RATA THFN TFRMINATF FROGKRAN
IF(IENN.GT,.0) GO Y 30
CALL TFMFERATURF FRE-FROCESSING ROUTINE 1F BESIRED -- CALL FRETHP

IFCITPROC.EQ. 1) CAIL 1 AFSFISTATNS NIy NZ s MAXMINCTEMET s THAX» THINY
BTLRsUFLAGyMTHUO s 7MFANy TEXT» TFRNY » T

IFCTPRINT,.EFQ,O0) GO TO 100

FRINT TFMPFERATURF (TN TIF GRFF-NAYS) « FRECIFITAT LUNs AN SNOW
CHURREE AREA 1IN MONTHLY ANTI ZONAL RASTS --- CALL TOUT

I0FL1 G=1
ROFL =0
COFLG-Q
LTFIG=0
TOFI G- 0
FOFIG-0Q

IFCITRROCLEQ.I)Y GO 100 50
nN %1 Te=1eNZ
up S22 a=1.ND
TFAFTC e TY=T( 1a 1)
CONTINUE
CONTTMIE

CALT TOUT(N7Z +EASTINGIYFAR«TZUNF o ISTMIHe 1FNKTHeTFMPToPRECIF oS
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04200 1 IPRSRUNUF»QNP1As AUTUALSCS s ANS DTLRUF1.AG TOFLG s ROFL.Gs COFLGy
04210 2 NTFLGy THAX» TMINSTCRIT+CRyF» TOF LG FUFLG)

04220 C

04230 C

04240 100 CONTINUE

042450 C

04240 C CALL ROUTINE TO COMPUTE PRECIFITATION CONTRIRUTIHG TO RUNOFF
04270 C

04280 CAll FPRESNOD

04290 C

04300 C COMFUTF PREDICTER KUNOFF -- CALL RUNOFF

04310 C

04320 CALL RUNOFF

04330 C

04240 C CHECK IF ACTUAL DATA AVAILARLFE

04350 C

04360 IF(ACTFLG,EQG.0) GO TO 900

04370 C

04380 C COMPUTE RFSULLTS -- CALL GOON

04390 C

04400 C

04410 CALL GOOD(ANF1XsACTUAL» NI

04420 C

N4440 900 CONTINUE

031440 C

04450 C CHECK IF FLOT IS DNESIRFN AND CALL FPLOT ROUTINE --CaAll PLOT
044460 C

04470 IFCIFLT.FQR.Q0) GO TO 20

04480 C

04490 CALL FLOTRC(ANFIX»ACTUAI »X1»NIls Ul AGYACTFLG)

04500 C

04510 20 CONTTINUE

04520 C

04530 € CHRECK IF NOT FIRST RUN ANIt SET F1RSYT RUN FLAG»1SET
04540 C

04550 ISET=1SET+1

04540 C

04570 C

04580 G0 TO 10

04520 30 WRITE(4,1500)
04600 1500 FORKAY(’ FNR OF DATA')

04610 C

04620 STOF

04630 END

04640 SURRQUTINE READINCISETYy TENN)
044350 C

LETY-YANe 322 223223208 222233823233 33233 3833223233333 33333223333 373333333392%

04470 C FUNCTION ~ REARS INFUT DATA FROM NAMELISTS /CLIN/s/BASE/s
04480 € AND /OPT/. ALSO BUTPUTS HEANER INFORKATION
04690 C AND,ON OPTIONsWILL REPROMUCE ALL INFUT PARAMETERS.,
04700 C
04710 C
04720 C ARGUMENT LIST -
04730 C VARIAEKLE TYPE 1D  DBESCRIPTION
04740 € ——------ T
04750 C ISET %4 I FLAG 70 INDICATE FIRST RUN OF MODEL
04740 C IEND I%4 0  FLAG 10 INRICAYE ENN OF DATA
04770 C
04780 C COMMON RLOCK VARTAKLES USEN -
04790 C VARIABLE COMMON TYPE (0
04800 C —------- —oo-- ———- -
04810 C AREA BASDAT FR#8 I
04820 C X EASDAT Rx8 T
04830 C Y BASDAT FR¥8 I
04840 C T CLIDAT R¥4 I
04859 C s CLIDAT R%4 o
04860 C FRECIF CLINAT R¥4 T
04870 C ACTUAL CLIDAT R¥4 I
04RED € cs EASDAT R%4 I
04870 C NTLR BASDAT  R¥4 0
04900 € AN BASDAT  Kx4 o
04910 C NE RASDAT Ix4 I
04920 C FIR GAGF R%4 I
04930 C PONZ GAGE R¥4 I
04940 C aNs GAGE R¥8 1
04950 C NZ CLIDAT T%x4 I
04560 C TRUN OFTIAT I%4 1
04970 C MODE UPTDAT  T%4 I
GATRO C RASTN FASTAT R¥B I
64990 C TFLT OFTUAT  T%2 I
05000 ¢ TFRINT OPTOAT  I¥2 T
35610 ¢ UFLAG NFTRAT T#2 I
45070 T 1ZONF OFTRAT  1%2 I
c INTFLG NETRAT  Ix2 I
r Thax TEASE  R¥4 I
b TAIN TEASE  R*4 I
! TREAN TRASE  R¥8& I
B SIATN TEASF  R¥R 1
r HAYNTN TEASE T2 1
e HTHD NFTUAT 142 I

oo
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05170
05180
05190
0500
uS210
05220
Q5230
05240
05250
052460
05270
05280
05290
05300
05210
05320
05330
05340
05350
08340
05370
05380
05390
05400
00410
03420
05430
03440
05450
N5440
05470
05480
05490
05500
05510
08520
05530
05540
05550
05540
Q5570
05580
05590
05600
054610
05620
05630
05640
05450
VLEL0
054670

o

07710
05720
05730
05740
Q5750
05760
05770
05780
057%0
05800
05810
03820
05Re30
05840
05850
Q5840
05870
osgeso
03890
05900
05910
05920
05930
05940
05950
05960
05970
05?80
05990

C ITFROC QETNAT  1%2 1
c
c
c
c EXTERNAL REFERENUES. -
c rour - UTILETY ROUTIME ¥} nOTPUT RESULTS TN MONTHLY
c AND ALLY FORMAT.
C
C
C CALLER RY -~ MAIN
c
Cc COMPUTER/LANGUAGE —-- TRM 3460 Al GSFC/FORTRAN TV
c
c DESTANFER/FROGRAMMNER —- G.MAJURKsRESEARTH & NATA SYSTEMS, ING.,
C
CREXEEREEXERRKERER KRR AR R R R KRR KRR R KRR KRR KRR KRR KRR KRR KRR R AR RR KRR R
c
REALXE RASRINSARFASX» Y s ANS»ZHEANsSTAITNUNITYS(Z) »UNLTY
c

INTEGERX2 TRUNsHONE s TPRRUNSIFLT JFRINT»UFLAGrACIFILG» XZ70ONE »
1 INTFLGyMTHNy LYPROC MAXHINS TEXTy INFGDRY » (PR [UFI.GsROFL.G»
2 COFLGYDTFLG,TOFI B»FOFILG

c

DIHENSTON RUNOF(2&658)» TEMFT(3667B) r AMUNTIT () s AELUNXT ()
cC

DATA RUNOF/292:8%0.,0/

DATA TEMFT/2928%0,/

DATA UNITS/‘METERS ‘' 'FEE] o/

NATA AMUNIf/ S0, "»'METE s'RS 7/

DRATA AFUNIT/ SR, "y 'MILE s‘S 4
c

Cxxxk¥x COMMON KLOCKS ¥kXXxx
cC

COMMON/CLINAT/T(366+8) 18(X669B)sFRECTIHF(S6698)rACTUAL (366
1 TCRIT(246)»ND

o}
COMMON/TRASE /ZMEAN(BY s STATNs THAX(366) s THINC(I66) v KAXMINS IFXT)
1 TNEGNY
c
[
COMMON/OFTRAT/ISTMTH IFNMYHy TRUNy KODE » TPFRRUNS IFL T TPRANTrUFLAGY
3 ACTFLGy TZONE(3) » IDTFLG U THN TTPROC
c
COMMON/RASDAT/RASIN(2)Y rAREACR)I » Xy Vs NVLR{S6698) »AN{366,8)
1 (S(366,8)sCR(366)sNZs IYEARISIFR(346+8)
c
c
COMMON/GAGE/QNS»PFIIR(I67) yPNM2(347)
c
c
CEERRRXXKAKERERKERERRKRREXKAXK
C
c
c
RXEXRER TNPUT NAMEL 15T RKXXXXREKX
[
rC CLIMATOLOAGICAL NAMFLISY PARAMFTFRS
c
NAMEL IST/CLIM/NN»1»SyACTUAL s FRECIF» TMAXs THANS TCRAT
c
c RASIN NAMEI IST PARAMETFRS
C
NAMELTST/BASE/RASINNZ» TYEARsAREAs X» Yo UNSsPORsFIMZ s NTLRyAN» S
1 CRIyZMEAN> STATNs MAXMINs TEXT, [IREGNYs [PR
[
c PROGRAM QFTION NAMNELTST FARAMETERS
C
NAMEL IST/0FT/TRUN»MONE s TPL T TPRINT s UFLAGsACTFLG» L ZONE » IRTFLGy
1 MUTHAS ITPRUC, IFRRUNs ISTHTH» IENMTH
c
c
c
Cc
IEND=O
[
c CHECK IF NQT FIRST RUN
c
c
IF(ISET.GE,1) GO TO 10
C
o) READ CLIM NAMELIST FOR CLIKATULOGITAL DATA
c
REAR(S»CLIMsEND=995)
PG CONTINUE
c
C .
c REAR RASE AND OPYT NAMNFLIST FOR RASLIN ANN PRUOGRANK OFYION DATA
C

10 READ(?+RASEENN=999)
REAT(?,0FT»END=999)
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06000
05010
06020
(3R]
05040
06050
06040
06070
05080
06090
QL1000
D614
Ge1EN
L6130
aL140
Ga1N0
OLIA60
06170
06180
05190
06200
Cu210
06220
05230
06240
05750
[R=F 0]
05270
as280
05290
06300
04310
06320
08330
06340
06350
Q&460
06370
04380
05370
6400
064910
064220
06430
06440
06430
06460
06470
06480
06490
06T00
Q6510
08520
76930
05540
DLBNR0
055460
HENT70
148580
QL0
0600
08610
VL&L20
05630
06640
06650
06660
064670
06480
06650
06700
06710
06720
06730
06740
06750
04760
06770
06780
06790
06800
06810
06820
068340
G6R40
06850
06860
06870
046880
06890

[}

[y e N vl

3000

[sReNsRol

m o0

0ono 0oonn nonon

R Xs)

ooonon

?10

nnooo

IF(UFLAG.FR,0) UNIT=UNITH(1)
TF(BFLABLEQ, 1) UNIT=UNITS(2)

WRITF RUN NUMRFR ANHL RASIN NANF
WRITE(&»1500)
WRITEF(&,2000) TRUN»RASINyTYFAR
WRITE SNOWHNFLT RUNOFF PROGRANM MONE
WRITF(6:2500) MODE
WRITF PROGRAM OF1J0ONS
WRITF (& 2000)
FORMAY (/7 FROGRAM QFITONS (0=CQFF»1=0N) /7))
WRITE(A:3500) (PLTs (FRINTSUFLABSACTFLG (TZUNEC(I) y T=1,3)s TOTFLG,
MTHO, ITPROC» IFRRUN IFXTs TREGRY s MAXMIN, ISTHTH YENNKTH
WRITE NUMRFR OF SNOWMELT DAYS ANR ELEVATION ZONES
WRITF(6¢5000) NRsNZ
WRITF RECFSSION COEFFICTENY FACTORS X ANR Y
IF(POR(Y) .EQ,0.D) LAG=6
IF(PIR(LY.ER.0.7) LAG=10
IF(FORC(I)FQ.0.75) LAG=12
IF(FNR(1).FR.0.8) LA S

IF(FNR(1).EQ,1.0) LAG=18
WRITE(626000) XsYsQNSsILAG

WRITE AREA TN FACH FLEVATTON ZONF
IF(UFLAG.ER.0) WRITE(&s4500) ANUNLIT
IFC(UFLAG.EQ.1) WRITE(S56500) ARUNIT
WRITF(&»7000) (IyAREA(I)»I=1+N7)
WRITE HYFPSOMETRIG MEAN ELFVATION 1IN FACH ZONF
WRITE (&2 A700) UNTT
WRITE(A27000) (TsIMEAN(T)»T=19NZ)
WRITF RASE STATION ELEVATION

WRITE (49 7&£00) UNTT
WRITE(697700) STATN

CHECK 1F | AFSE RATE NATA 1S FROVIDED
IF(INTFLG.FR,0) WRITE(&>TL0Q)
WRITF INFUT NIATA TF TFRINT DATA Fl.AG 18 SET

IF(TPFRINT.EQ.0) GO TQ 900
IF(HAXMIN.EQ,0) GO TO 910

IOFLG=0
ROFI.G=
COFt

nTFL

FOF1.G=0

CALL XOUT(NZ:BASTNyIYEARy JZONE 2 ISTKRTHy IENKNTHYy TEMPTIPRECIF Sy
TFRsRUNDF s ANP1Xs ACTUAL »US» ANS RTLR P UFLAG» TUFLG»ROFLGCIIFLGs
DTFLGy THAXs THIN» TCRITsCRoPs TOFLGFPOFLG)

WRITE RUNOFF COFFFICIENTS»MEGREF IAY FACTORS ANN FRECIFITATION
METHUR ON MONTHLY ANRD 7ONAlLL RASIS

JOFLG=0

ROFI.G=0

COFLG=1

OTFI.G=0

TOFI G=0

FOFI.6=0

CALL IDUT(NZsRASINy»IYFARy 1Z0ONF» 1STHTHy IENMTHS TEMF1 »FRECIP Sy
IFRyRUNOF s ANFLX s AUTUALSCSs AN ATLRYUFLAG, TOFLyROFLGYCOFLGy
NTFLGy TMAXs TMINSs TCRIT,CR»F» TOFLG FOFL )

WRITF LAFSE RATF AND CRITIGCAL TFMPERAIURE VALUES

IOFLG=0
ROFI.G=0
COFL.G=0
OTF1 G=1
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056900
06910
06220
06930
06940
06950
06960
06570
06940
06990
07000
Q7010
NG00
Q7040
67040
07050
Q70460
07070
07080
07090

07100
07110
07120
07130
07140
07150
07160
07170
07180
071920
07200
07210
07220
07230
07249
07250
07260
07270
07280
07290
07300
07310
07320
07330
07340

3
B
&
7
3
?
A
R

5000

53500
6000

-

63500
4900

7000
7600

7700

1

07350 C
CRERKERKKRRERKRE KRR EERRERRRKRRRKR R KK KKK R KKK R KKK R KR KRR KRR R K KKK

07360
07370
07380
07490
07400
07410
07420
07430
07440
074%0
07460
074/0
07480
07490
07500
07510
07520
07530
07540
07550
074560
07570
07580
07590
07600
07610
074620
07630
07640
07650
076460
07470
07680
07690
07700
07710
07720
07730
07749
07750
07760
07770
07780

N

0000

0O0D0O0ONOO0000N00DNOOO00NNONOD0NN0NONN0

FOFLG=0

TOFLG=0

CALL TOUY(NZsRASINs AYFAR> TZONE » 1STMTHy TENHTH» 1EHMF 1y PRFCLIF» Sy
IPR»RUNOF s QNP LX s ALTUAL s CS» ANs TTLR P UFLAG» TOFL.G» ROF1.GS COFLG
DTFLGy THAX» THTN2 TCRI T CRYF» VOFLGY FOFLG)

5N TN 900

SET FNI FLAG

IEND=1

FETURN
FORMAT( ' o/ 2¢7777)
FORMAT(//5%Xs ‘RUN $7»T5 2% ‘HASTN="+22A8s2Xs ' YEAR=" 9 15/)
FORMAT(//7¢ MONE (O0=S{MULATED, L ==FUORCASI)="'»13//)
FORHATC FLOT QFTION=“512,2Xs ‘PRIN]T OFTION=‘912s2Xs "UNTTS(0="
‘HETRIC, 1=FNGLISH)=/» (2//1Xs ACTIAL. NATA FLAG="512:2Xs ‘ZONFE ‘»
CINFUY MATACTEMF o FRFCTR . s RUNOFF COFF )= 3XT2/7

1Xs "LAFSE RATE MATA FLAL-=’ s (2,24, ' REGREE-TIAY METHOM(O=MEANs ‘>
C1=EFFFCTIVE MINIMUM)='»T2//
142 TEMPERATURE PROCESSING FLAG= 5 {29 2Xy ‘RUNOFF RBY ZONE OUTPUT’,
‘ OFTYION='»12//
1Xy "FLAG TO EXTRAPM.ATE TEHPERATURFS(O=EXTRAFDLATE USING’»
1Xs ‘BIVEN LAPSE RATESy 1=AUTOMATICALLY EXTRAPDLATE}='»12//
1Xs "FLAG TO COMFUTE REGREE-NAYS=‘y12//

1Xr “FLLAG TO TNDICATE INFUT TEMPS ARE MAX-MIN=‘,12//
1Xs ‘START MONTH=,I12+2Xy "ENI HONTH=’,12/7)
FORMAT(//° NUMRER OF SNOWMELT RAYS='»I15,35Xs 'NUMRER NF 7
‘ELEVATIQN ZONES=',15//)
FORMAT(/5Xs ‘NO TEMPERATURE LAPSE RATE TATA INPUT‘/)
FORMAT(//5X» ‘RECESSION COEFFIECUFNT FACTORS /77 X FACYOR=‘»
FP.6s° Y FACTOR='+FP.4//° INITIAL RUNODFF VALUE=',F9?.3;,
3X»LAG="»13»‘ HOURS’)
FORMAT(/TX s “AREA [N EACH FLEVATION ZONE‘//

© TONF‘»SXs ‘AREA S IXr (1 3A45°) ")
FORMAT (/5% ‘HYPSOMETRIEC MEAN FLEVATION IN EACH ZONE'»

1Xe ' CHABs ') 7/
FORMAT(1X»T14,7%XsFE10.4)
FORMAT(/S5Xy "RASE STATION ELEVAYION'

X2 (" 9ABy* ) " //)
FORMAT(GXsE10.,4)

END
SUBROUTINE LAFSE(STATN NNy NZs MAXMNINs TEMPT» THAX» THINY
BTLRsUFLAGsHTHD» ZHEAN [EXT» TDEGNY T

FUNCTION - LAPSF TS5 A MODULAK TEMFERATURE PREFROCESSING ROUTINE
FOR INFUI TEMPERATURES FXFRESSEDR AS MAX-MIN OR
TEMPERATURES NOY AILREARY 1IN LEGREE-TAYS OR EX-
FRAPOLATED 10 EACH ELEVATION ZONE, ROUTINE LAPSE
TAKES MAX-MIN DALY TEMFERATURES 1N NEGREFES FROM (HF
BRASE STATIUON AND EXTRAPOLATES THE TEMPERATURE TO
THE ZONF ANR COMPUTES THE TREMFERATURE TN NEGREF-LAYS.
NFEGREE-NAYS CAN RE COMFUTEDR RY ONE OF TWO METHONSS

MEAN QR EFFECTIVE MIN1MUM. TEMPERATURES NOT IN
NEGREE-DAYYS OR INPUT FPER 70ONE CAN BE COMPUTEDR IN
DEGREE-DAYS QR EXTRAFOULATEN TO EACH ELFVATION
ZUNE IF LAFSE RATES ARE FROVINED,

ARGUHFNT LIST
VARTARLE TYPE I0 DRESCRIPTION

BSYATN Rx8 I ELEVATIUN UF RECORDING STATION

ND Ix4 I NUMRBER OF SNOWMELT nays

NZ 1%x4 1 NUMRER UF ZONES

HAXHMIN Tx4 X FLAG TO INRICATE IF TEHFS ARE MAX-MIN

TMAX R%4 X MAXIMIH4 TEMPERATURES [N DEGREES

THIN Rx4 I HIN1MUN TEMFERATURES IN REGREES

UFLAG %2 L UNITS FLAG(ENGILISH OR HETRIC)

HTHR Ix2 I METHON OF COMPUTING NEGKEF RAYS
(EFFECTEVE MININMUM DR MEAN)

ZHEAN RXR 1 "HYPSUKETIRI(C MEAN ELEVATION OF FACH ZOWF

TEXT %2 I FLAG T0 €XTRAPOLATE F0O FELEVATION ZONES

IREGNY Ix2 T FLAG 10 COMPUTE NEGREE-NAYS

TEMPT Rx4 0  COMPUYED TEMPERATURE IN DEGREE DAYS

T Rx4 1 TEMFERATURES IN DREGREES TO RF FROCFSSED

EXTERNAL REFERENCES -- NONE.

CALLER RY -- MAIN (DRVSNO)

COMFUTER/LANGUAGE - TRM 240/91 AT GSFC/FORTRAN IV

DESTIGNFR/FROGRAMMER - G.MAJORYREFSEARGH % DAYA SYSTEMS» INC.

LA SRR 2233222233 222323 LSS s RS 3233333333 32333 333833333333 32
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07790
07800
07810
07820
07830
07840
07850
07860
07870

07980

07890
07900
07910
07920
07930
07940
07950
07960
Q7970
07980
[ raa2y]
08000
0801Q
08020
08030
08040
08050
08060
08070
08080
08090
08100
08110
08120
08130
08140
08150
08160
08170
08180
08190
08200
08210
08220
08230
08240
082%0
aBg260
08270
08780
03290
08300
08310
08320
08330
08340
08350
08360
08370
08380
083%0
08400
08410
08470
08430
084490
Q8450
084460
08470
08480
08490
08500
08510
ngas2o0
03580
08L30
a8h550
08540
ogn70
GRARO
08%v¥0
08400
08410
08420
08430
08440
0BETO
08460
08670
08480

n0oon nooon (v N o)

090

22

o000

93

54
600
590

o000

401
402

4504
402

?%0

701
700

n

020000 NnNNN

DIMENSTON ZCONST(8)» THAX(384) 2 THINC(IE6) s ZHEAN(H) »
T(366:8) 9 NTLR(B366s8) s TENPT(346:8)

REALXE ZMEAN» STATNsZLONST
INTEGER®X2 MAXMINsHTHUSIIFLLAGy TEXT» IDEGDY

IFC(UFLAG,EQR.0) TU=0.
IF(UFILLAG.EQ.1) TU=32,

CHECK TF TEMFERATURE 18 TO BEF COMPUTED IN DEGREE-DAYS
IFC(IDEGNY.EQR.0) GB TO S9%0

CHECK TF TEMFPERATYURES ARE MAX-MIN

IF(HAXMIN.FQ.0) GO TO &2

CHECK HETHOR OF COMFUTING DEGRFF DAYS

D0 400 J=1,NIt
"LIF(MTHU.EQ.1) 60 TO 22
IF(MTHD.EQR.O) GO TU 23
TFCUFLAG  EQ. O AND . THINCL) o[L.T.0,) TMIN(II=0.0
IF(UFLAG,FR, 1 ANTIHINCI) «1 T.32.) THIN(I)=32.0

COMPUTE TEMFFRATURE IN REGREE BAYS

TCIs1)=(CTHAXC(I)$THINCI) ) /2,)-TU
CONTINUE

GO 7O 590
CONTC(NUE
0 &0% T=1,ND
IF(MTHR.EQ.1) 60O TOQ 53
IF(MTHR.ER.0) GO TO 54
IF(UFLAG.ER.OLANR.TC(Ls1).,LT.0,.) T(Ts1)=0,
IFCUFLAG.EQ. I AN TC(I» 1), LT,382.) T(1s1)=32,
T(I,1)=T(1+1)-TU
CONTINUE
CONTINUE

CHECK IF TEMPERATURE IS TO EE AUTOMATICALLY EXTRAFOULATER TO
ELEVATION ZONE. XF NUT» USE THE LAPSE RATES GIVEN AS INPUT

IF(IEXT.EQ.0) GO TO 950
TF(UFLAG.EQ.0) ZCON=100.
IFCUFLAGEQ,1) ZCON=1000.
un 602 J=1yNZ
ZCONST(J)=STATN-ZMEANCD)
N0 601 T=1sND
TEHFT(I» )=T(I» )+(ZCONST (D /ZCONIRDTLR(91)
CONTINUE
CONTINUE
50 70 9290
CONTINUE

EXTRAPGLATE TEMFERATURES USING THE GIVEN LAFSE RAVES

DO 403 JA=1sNZ
nn0 404 I=1yND
TEMPT(Iy D=T(Ly1)4NTIR(Iy 1)
CONTINUE
CONTINUE

no 700 I=1,ND
D0 701 J=1sNZ
IFCTEMPTC(T» ) WL ELQ.) TEMFT(I».1)=0.0
CONTINUE
CONTTINUE
RETURN
END

SURRQUTINF FKESNO

Cc
[T P PR3320 223222333 ¢32 2323233232 233333833230 %)

FUNCTION ~ FRESNQ COMFUTES THE FRECIF1TAITON CUNTRIBUTING
TG RUNOFF [N FACH ELEVATION ZUONE
FROM NOUN-SNOW COVERED AREAS Ok FROK THE TOTAL
ZONE ARtA. THE ALGORITHM FOR COMFUTING FRECIF
FROM NON-SNCW COVERER AREAS WAS DEVELOFED RY
RFSUURUFE CONSULTANTS, [NC,

COMMNON RILOCK VARTARLES USER-
VARIARLF COMMON TYFE IO

T C1.1IDAT  R%x4 I
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{
V

085690 C 8 CLINAT RKk4 T

08700 C FRECIF CLINAT _R¥4 1

08710 € AN RASNAT Rx4 T

08720 C P UUTNAT R4 ]

08730 € UFLAG OFTRAT T%2 I

08740 C PR RASDAT  T¥2 I

08750 C

08760 € EXTERNAL REFERENGES - NONE

08770 C

08780 © CALLED RY - HAIN

08790 C

08800 C CONFUTER/L ANGUAGE -- THH 360/91 A1 GSFC/FURTRAN TV
03310 C .

08820 C DESTGNER/PROGRAMHER —=- G.MAJORs KESEAKCH & DATA SYSTEHS» ING.
08840 C

0BRA0 CREERRREKKILKIKRIEEARREKKRKR KRR KRR RR KRR KRR KR LR R KRR KR AN R RRRK
08850 C

08840 C

08870 DIMENSION RUNDF (36698) 9 THAX(I64) s THIN(366)

08880 REALXS HASINIAREAsX»Y s SNOWsRsTLsFP

08890 INTEGER¥2 TRUNsMOLE s TFRKUNs APL T+ IPRINT s UFLAGACTFL Gy TZOHE
08900 1 INFFLGsMTHN, (TPROC, IFK

08910 C

08920 C

08930 €

08940 CRRXXXX COMMON RLOCKS XXXKEX

08950 C

08960 COMMON/CL INAT/T(34658)1S(36658) s PRECIP(S56618) s ALTUAL (366) s
08970 1 TERIT(346)sND

08980 C

08990 COMMON/OUTRAT/P(36658) yANPLIX(367) 1 X1(367) s TEUPT (1564 +8)
09000 €

09010 COMMON/OFTDAT/XSTUTH, TENMTH s IRUN» HORE s TERKUN s 1FL Ty IPRINT v UFLAG»
09020 1 ACTFLU,TZONE(3)» INTFLGsHTHR, TTPROC

09030 €

09040 COMMON/RASNAT/RASIN() s ARFACB) s Xs Yy DTILR (36698 s AN(34618) s
09050 1 CS(36618)sUR(S66) 1Ny IYEARs IPR(346,8)

09040 C

09070 C

09080 C ZERQ OUT FRECIFITATION ARRAY FOR FACH RUN

09090 C

09100 O 15 J=1sND

09110 DD 16 T=1sNZ

09120 P(Js1)=0,0

09130 16 CONTINUE

09140 15 CONTINUE

09150 C

09160 [0 BO J=1sNZ

09170 C

09180 C CHECK TF PRECIP INFUT IS RY ZUNE

09190 €

09200 IFCIZONE(2).FQ.0)

09210 IF(TZONE(?) ,EQ. 1)

09270 C

09230 C INITIALTZE AGGUNUI ATER SNOW TO 0

09240 C

09250 SNOW=0.10

09240 €

09270 C INTTUALTZF NON-SNOW COVERER (SNHUMO) AND TOYAL SGA (SNOWL)
09280 C 10

09290 C

09200 00 90 T=1,ND

09310

09320

09330 TFCITPROCLEQ.0) TZ=T(T,0)

09340 IF(TTPROC.EFW,1) TZ=TEKFT(1s.)

09350 C

09360 C CHECK WHIGCH PRECIF METHOD TO USK: IFR=0 X$ FOR
093/0 C NUN-SNOW COVEREN AREAS AND [FR=1 XS FOR TOTAL AREA
09380 C

09290 IFCTRR(T ) FA.0) SHOWO=S(1s.1)

09400 IFCIPR(TJ).ER. 1) SNOWI=S(TsJ)

09410 C

09420 € COMPUTE RUNOFF FACTOR

09430 C

09440 R=TZXAN(Is .1}

09450 C

09440 C CHECK TF ANY FRECTPITATION IN 7ONE

09470 C IF NO PRECIPITATION THEN CHEUK SNOW TO RE MFLTED
09480 C

09490 IF (ARS(PRECIP(TyNPZ)),LT,.0,00001) GO 10 12

09500 C

09510 € CHECK FDR SNUWFALL IN ZONE

09520 C IF TEMPERATURE IS LESS THAN TNFUT GRITICAL TEMPERATURE
09530 C THEN TREAT FREGCIFITATION AS SNOWFALL

09540 C

09550 IF(TZ,GT.TCRITCI)) GO TU 11

09540 C

09570 € ACCUMUL ATF SNOWFALL IN ZUNE TO RE MFLTER LATER

09580 C _ . )

09590 SNOW=SNOW+PRECIP (I NPZ)
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09600
09610
094620
09630
094640
09450
09460
094670
09680
09690
09700
09710
09720
02740
09740
09749
09760
09770
09780
09790
09800
09810
09820
09830
09840
09850
09860
09870
09880
09890
099200
09910
09920
09930
09940
09950
09960
09970
09980
099%0
10000
10010
10020
10030
100490
10050
10060
10070
10080
10090
10100
10110
10120
10130
10140
10150
101460
10170
10180
10190
10200
10210
10220
10230
10240
10250
10260
10270
10280
10290
10300
10310
10320
10330
10340
10350
103460
10370
10380
10390
10400
10410
10420
10430
10440
10450
10440
10470
10480
10490

ExAzNvl aono
-
-

OO0 0000
[
N

noonn Ao

ono

?0
80

?99

SET COMFUTED FRECIF T0 O AND CALCULATE PREC1P FOR
RUNDFF FROM NON-SCA

F(I»1)=0.0
50 1O %90

ASSTGN INPUT PRECIP TO COMPUTER FPREC1P

P(Ts )=PRECIP(1+NPZL)

CHECK FRECIPITATION IN ZONE TO RE MELTED
IF(NARS(SNOW).LT.0,0000100) GO TO %0

CHECK TEMPERATURE IN ZONE,CALCULATE RUNOFF FROM PRECIP
HELD AND COMPUTE AMOUNT OF SNOW TO BE MELTEDR

IFCTZ,L.T.0,.D0) GO TO %0
EP=R¥(1,-SNOW1)
IF(R.GT.SNOW) GO TO 13
P{I»S)=P(TsJ)+EP

SET ACCUMULATED SHOW TO SNOW MINUS RUNOFF

SNOW=SNOW-R
GO TO 90

CALCULATE EXTRA RUNOFF FROM PRECL1F HELD
COMFPUTE PRECIFPITATION FROM SNOW ACCUMULATED AND TOTAL SCA
ANDR RESET ACCUMULATED SNOW TO ©

P(Is2)=P(IsJ)+(SNOWX(1,-SNOW1))
SNOW=0.0

COMPUTE PRECIFITATION FROM AMOUNT OF SNOW COVER

FUTsI)=P(IsJ2%(1,-SNOWO)

CONT INUE

RETURN
END
SURROUTINE RUNCFF

c
(3233333332233 3332383233233 3333332333333 3323233333233 323238338333 2338 %)

DMONONCO0000O0NO0NON00AN0NON0N0N0NO000ONN00000O000

FUNCTION - THIS ROUTINF COMFUTES THE FREDICYER STREAM RUNGFF
BASED ON THE SNOWNELT-RUNOFF MODEL EQUATTONS BY
RANG( ANR MARTINEC. RUNOFF CAN RE COMPUTED IN FORCAST
HONE RY UPRATING WITH ACTUAL NATA EVERY 7TH DAY,

COMMON BLOCK VARJARLES USEDR
VARIARLE COMMON TYPE IO

T CLIDAT Rx%4 I
S CcLIDAT R%4 1
P QUTDAT R%x4 I
ANP1X BUTRAT R%4 o
NTI.R RASDAT Rx4 1
AN BASHAT Rx4 I
X1 QuUTOAT Rx4 0
AREA RASIAY Rxa I
X RASDAT R*8 I
Y RASHATY R%8 I
ND CLINAT %4 I
NZ BASDIAT 1%4 i)
Ccs BRASDAT R¥4 I
CR RASDAT R%4 1
UFI.AG OFPTDAT %2 I
ACTUAL. CLIDAY R%4 1
LZONE OPTOAT %2 1
HODF OFTIAT Tx4 I
FRR GAGE R%4 I
P2 GAGE Rx4 I
QNS GAGE R%8 I

EXTERNAL REFERENCFS --
Iouy = UTILITY ROUTINE TO DUIFUYT RESULTS INH MONTYHLY AND

NAKLY FNRMAT,

CALLFT RY -- MAIN
COMFUTER/L ANGUAGE-- TRM 340/91 Al GSFCL/FORTRAN IV

RESIGNFR/FPROGRAMMER ~~ G,MAJURs RESEARCH & DATA SYSTEMSs INC,
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10500 C

10010 CXRRREREXXEXRXRARRRAEKKERREEKXRRRKREXRRRE R AKX KR RRR KR KRR KR K XEKXRREKKRRKREXR
10520 NIKENSTUN Z(8) rRUNUF(366:8)

10540 C

10540 REALXB AKGANSyASUM, COV, PRUNDF (367 » BASINsAREA S Xy Y SUNRQ
10550 INTEGERXZ2 IRUNsHONE » IPRRUNy IPL T LPRINT»UFLAG,ACTFLGs TZONE,
10560 1 INTFLG»MTHDs ITFROCy IFR TOFLGsROFL Gy COFLG»DRTFILG»10FLG
10570 INTEGERX2 PUOFLG

10580 C

10590 C

10600 CXRXRCOMMON RLOCKSEXEX

10610 C

10620 COMMON/CL IDAT/T(I6&58)15(36658)9PRECIP(36698) v ALTUAL (366D
10430 1 TCRIT(346)sND

10640 C

10450 COMMON/OUTNAT/P(3668) yUNPLX(367) s X1(367)»TEHPT(366,8)
10660 C

10470 COMMON/QPTNAT/ISTHTHs IENHTH» LIRUN s HODE » IPRRUNy IPL Ty IPRINT S UFLAG)
10680 1 ACTFLGy IZONE(3) » IDTFLBsMTHD» ITPROC

10690 C .

10700 COMMON/RASNAT/RASINC(2) s AREACB) s X9 YsINILR(3646,8) yAN(36618)y
10710 1 CH(36698)2UR(366) N2 IYEAR) XPR(356,8)

10720 C

10730 COMNON/GAGE/QNS s PIIR(367) 7 PDH2(347)

10740 C

10750 €

10760 C ZERO OUT RUNOFF ARKAY FOR FACH RUN

10770 C

10780 RO 10 I1=1,347

10790 QNP1X(11)=0,0

10800 X1(I1)=0,0

10810 PRUNOF(11)=0.D0

10820 10 CONTINUE

10830 C

10840 C INITIALTZE RUNOFF ANDR CHECK UNITS FLAG

10850 C

10860 IF(UFLAG.EQ.,0) COV=0,01D0/84400.00

10870 IF(UFLAG.EQ.1) COV=0,083300/86400.D0

10880 C

10890 C

10900 € COMRINE SNOW COVER ANI FRECIFATAT10N DATA AND ACCUMULAIE
10910 C FOR EACH ZUNE,

10920 C

10930 NDAY=0

10940 C

10950 C CHECK FORCAST HMODE

10960 C

10970 IF(HONE.EQ.1) NDAY=?

10980 DO 3 I=1sND

10990 ASUM=0,D0

11000 D0 2 J=1,NZ

11010 C

11020 C CHECK IF TEMFERATURE AN RUNOFF COEFFICXENTS ARE 1HPUT
11030 C KY TONES,

11040 C

11050 IF(IZONE(3).EU.0) NCZ=1

11060 TIF(LZONE(S)JER.1) NCZ=J

11070 C

11080 IFCITPROC.EQ.O0) ZC¢H=T(1lyJ)

11090 TFCITPRUCLEQ.1) Z(D)=TEMPT(T1,J)

11100 IF(ZCD)LT.0R0) 2¢0)=0,D0

11110 C

11120 C COMPUTE SNOMMELT REPTH IN EACH ZONF

111350 C

11140 RUNOF (T DD=ANCI» DIXZCDES(Iy I$PL(L s )

11150 C

11180 C CHECK RUNCFF COEFFICIENTS FOR RAIN OR SNOW (CR OR CS)
11170 C

11180 IF(CR(I).E@:+0,0) CR1=CS(IsNGCZ)

11190 IF(CR(X)«GT.0.0) CR1=CR(I)}

11200 C

11210 C COMFUTE SNOWMELT RUNOFF

11220 C

11230 SUMRO=(CS(IsNCZIRANCI» DXL XS (I» D +CRIKP (T J) IR C(AREACD XCOV)
11240 ASUHM=ASUM+SUMRD

11250 2 CONTINUE

11260 C

11270 C COMPUTE RECESSION COEFFICIENT FOR RASIN

11280 C

11290 ARG=1,N0-( XXANSXXY)

11300 TF(1.EQ.1) PRUNDF(I)=GNS

11310 €

11320 €, CHECK FOR STREANMFLOW LAG

11%30 C CHEGK XF STREAMFLUW LAG [S FROM PREVIOUS(NAY N-1) RUNDFF
11340 C OR FROM DAY N-Z RUNOFF

11350 C

11360 IF(FRR(IN.FQR.O0+) FRUNDF CI)=PIM2CXIRFRUNOF(1=1)+( 1. -FNH2(T) )%
11370 1 PRUNOF(I)

11380 €

11390 IF(PIR(T),.EQ.0.) PDR1=1.,0
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11400
11410
11420
11430
11440
11450
11450
11470
11480
11490
11500
11510
11520
115%0
11540
11550
11560
11570
11580
11590
11600
11610
11620
11630
11640
116%50
11660
11470
11680
114690
11700
11710
11720
11730
11740
11750
11760
11770
11780
11790
11800
11830
11820
11830
11840
11850
11860
11870
11880
11890
11900
11910
11920
11930
11940
11950
11960
11970
11980
11990
12000
12010
12020
12030
12040
12050
12060
12070
12080
12090
12100
12110
12120
12130
12140
12150
12160
12170
12180
12190
12200
12210
12220
12230
12240
12250
12260
12270
12280
12299

0000

OO00N0

B850

900

-

100

oOno0

a0on

999

OMNMODNONODNONONN0ANODONO0O0N0NO00 aQaooo

IF(POR(I).BT.0.) PNR1=POR(I)

COMPUTE STREANFLOW

ANFIX{I)=(PRRIXPRUNOF(I)+(1,-PIRUIXAGSUM) XARGH(XRANSER(1.1104Y))
PRUNOF(I+1)=A8UN

IF TN FORECAST MODE SURSI1IUTE THE RUNOFF VAILUE FOR THF
NEXT DAY WITH THE ACTUAL RUNOFF VALUE EVERY SEVENTH DAY

IF(NRAY.FQ.J)> GO TO 8LH0

UNS=QGNFP1X(I)

GO 70O 900
IF(NDAY.GT.ND) NUAY=ND

QONS=ACTUAL (NIIAY)

NDAY=NDAY+7

CONTINUE

X1¢1)=1
CONTINUE

X1(NDR+1)=X1(NR)+1,
WRITE FREDICTED STREAMFLOW FOR EACH ZONE
IF(IPRRUN.EQ.0) GO TO 100

IOFLG=0

ROFI.G=0

COFLG=0

DTFLG=0

TOFLG=0

POFIG=1

CAtL TOUT(NZsRASINsTYEARyTZONEs 1STMTYHy IENHTHs TsFRECIPSy IFRy
RUNOF s GNP 1X s ACTUAL s CSs AN DTL Ry UFLAG TOF LG ROFLG,COFLG,DTFLGy
THAXy TMINS TCRIT»CRP» TOFLGFOFLG)

CUNTINUE

WRITE COMPUTED AND ACTUAL SNOWMELT RUNOFF

I0FL.G=0

ROFLG=1

COFLG=0

PRTFLG=0

TOFLG=0

POFLG=0

CALL IOUT(NZsRASINsJYEARIZONE ¢ \STHNTHy IENKTH» TH»PRECIP»Ss PR
RUNOF s QNP 1Xs AUTUAL »CSs ANs DTLR s UFLAG» TOFLGsROFLGrCOFL.GyPRTFLGy
THAX» TMIN>» TCR1T,CRsP» TOFLGs» FOFLG)

RETURN
END

SURROUTINE GOOR(ANPIXsACTUAL s NIN)

P33333 3332322032233 33 2333333333332 23383030322 32332323232323233 3223322838

FUNCTION - GOOD COMPUTES THE NASH-SUTCLIFFE GOODNESS OF F1T
HEASURE AND CALCULATES THE TOTAL STMULATER AND
ACTUAL VOLUNE ANR THE FER CENT SEASONAL DIFFERENCE
RETWEEN THFE ACTUAL ANN SIMULATED STREAM RUNOFF,

ARGUMENT L IST -
VARIARLE TYPE I0 DESCRIPIION

GNP1X Rx4 X ARRAY OF STMULATED STREAM RUNOFF RATA
ACTUAL Rx4 1 ARRAY OF ACTUAL STREAK RUNOFF RATA
ND I1%4 X NUMRER OF SNOWMELT NAYS
OCUTPUTS?

XNER? - NASH-SUTCLIFFE GOUDNESS OF F1T MEASURE

VoL - TOTAL VOLUHE OF COMPUTED STREAM RUNOFF

ASUM - TOoTAL VOLUME OF ACTUAL ST1REAN RUNOFF

PCT - PER CENY SEASUNAL DIFFERENCE BETWEEN ACTUAL

AND SINMULATER STREAM RUNGFF
AMEAN - HMEAN ACTUAL STREAM RUNUFF
QHEAN - HEAN COMPUTEl STREAM RUNOFF

EXTERNAL REFERENCES -- NONFE.

90



i

12300
12310
12320
12340
12340
12350
12260
12379
12380
12370
12400
12410
12420
12430
12440
12450
124460
12470
12480
12490
12500
12510
12520
12530
12540
12550
12560
12570
12580
12590
12600
12610
12620
12630
124640
12650
12440
12670
12480
12690
12700
12710
12720
12730
12740
12750
12760
12770
12780
127%0
12800
12810
12820
12830
12840
128%0
12860
12870
12880
12890
12900
12910
12920
12930
12940
129350
12960
12970
12980
12990
13000
13010
13020
13030
13040
13050
13060
13070
13080
13090
13100
13110
13120
13130
13140
13150
13160
11170
13180
1190

oo oo0n

0oON00

10

o000

30

onn

0 O

6000

3500
H5000

&500

2

OO aGNNDAaANO0NO0NONONO0N000N0NDN0

CALLED RY —-- HATIN.,
COMPUTER/LANGUAGE - IRM 3&80/%1 AT GSFC/FQRTRAN IV

DESIGNER/FROGRAMMER —-- G.MAJOKs RESEARCH T DNATA SYSTEMSsLINC,

H 3313323+ 333 3393332323222 33333322333 323223333 3233233333332 223233232 ¢

DIMENSION QGNPI1X(367)1ACTUAL(366)

COMPUTE MEAM ANR TOVAL ACTUAL STREAMFILOW

ASUN=0,0

00 10 I=t,ND
ASUN=ASUN+ACTUAL (1)

CONTINUE

DAYS=ND

ANEAN=ASUM/DAYS

WRITE(&625000) ASUNyAHEAN

CALCULATE TOTAL VOGLUME

VoL.=0.0

Do S50 I=1sND
VOL=VOL.+ANP1X(T)

CONTINUE

QMEAN=VOL /NAYS
WRITE(6r6000) VOLQHEAN

CALCULATE NASH-SUTCLIFFE GOOLNESS OF F17 MEASURE

E=0.0

F=0.0

ONEN=1,/DAYS

00 30 T=1sND
E=E+(ACTUAL (1) -AMEAN) X%X2
F=F+(ACTUALC(I)-GNF1X(T) ) XXx2

CONTTNUE

XNSR2=(ONENXE-ONEN¥F )/ (DNENXE)

WRITE(65,5500) XNSR2

COMPUTE SEASONAL. DIFFERENCE
FCT=( (ASUK-VOL) /ASUM) X100,
WRITE(654500) PLT

FORMAT(/° TOTAL COMPUTER VOLUME= ‘H»F10.4,/

 MEAN COMPUTED VOLUME= ‘vFL15.4//7)

FORMAT(/* GOUDNESS OF FIT MEASURE="»F1H.4//)

FUORMAT (/7 TOTAL ACTUAL STREAMFILOW=',F15.4,/

‘ MEAN ACTUAL STREAMFLOW= “»F15.4//7)

FORMAT(//° FPERCENT SEASONAL DIFFERENGCE=’»F15.4//)
RETURN
£ND
SURROUTINE IQUT(NZyRASIN>IYEAR) 1ZONE» ISTMTHy IENMTH» Y9FRECIF Sy
IFRyRUNOF s UNP1Xs ACTUAL CSrANYDTLRYUFLAG TOFLGBYRUFL.GyCOFL.Gy
DTFLGy THAXs TKINY TCRITCRyP» TOFL Gy POFLG)

FUNCTION - I0UT IS A UTILITY ROUTINE TO FRINY OUY MONTHLY
ANR NAILY VALUES IN TARULAR FORM FOR VARIUUS
SNOWMELT RUNOFF MOLEL PARAMETERS.

ARGUMENT LISY --
VARTARLE TYPE [0 QDESCRIPTION

NZ Ix4 I0  NUMRBRER OF Z0ONES TN BASIN
EASTN Rx8 I0 BASIN NAME
LYEAR x4 10 MODEL YFAR
I1ZONE Ix2 T FLAG FOR CHECKING 1F INFUT IS RY ZONE
ISTMTH Th4q L START MONTH
IENMTH 1x4 ) ENR MOWTH
T R%a 10 TEMPERATURE NATA
FRECIF R%4 I0 FPRECIFITATION DATA
S Rx4 10 SNOW COVERED AREA
IFR Ix4 IQ FRECIFITATION METHOR
RUNOF Rx4 L0 TEPTH RY ZUNE
ANF1X R*4 10 NATLY STREAM RUNOFF
ACTUAL R%x4 0 ACTUAL STRFAM RIUNDFF
s RxA 1 RUNQFF COFFFICIENTS FUR SHOW
AN Rx4 N UFGREE NRAY FACTURS
nyLR x4 T TEKFERATURE LAFSE RATE CORRECTION
THAX Kx4 L) HAXTHAUYN IFMFERATURES
ThIN F¥4 T NINIMUM TEWFERATURES
91



13200
13210
13270
13230
13240
13250
13260
13270
13280
13290
13300
13310
13320
13330
13340
13350
13360
13270
13380
13390
13400
13410
13420
13430
13440
13450
13460
13470
13480
13490
13500
13510
13520
133530
13540
135%0
13560
13570
13580
13590
13600
13610
13620
13630
13640
13650
13660
13670
13480
13690
13700
13710
13720
13730
13740
13750
13760
13770
13780
13790
13800
13810
13820
13830
13840
13850
13860
13870
13880
13890
13900
13510
13920
13930
13940
13950
13950
13970
13980
13990
14000
71010
14020
14030
14040
140u0
14060
14070
14080
14090

OO ONONONOO00N0O0NROO0GTNONO N0

00N O0OOO0

TCR
CR
P
UFL.
LOF

ROF

COF

DTF
TOF

POF

EXTE

CaLL

LANG

PROG

REAL
INTE
1

DINE
1 T<3
2 ACT
DIME
DIME
DIHKE

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
natTA
bnATaA
DATA
DATA
DATA
naTA
BATA
DATA
IATA
IATA
DATA
IATH
nATA
naTA
DATA
RATA

o 6

J=

MO

N7

A0

BN

ca

A0 CONT

COMF

iraT
NMON
NM1l=
JF(N

17 RX4 I0 CRITICAL TEMPERATURE
Rk4 IO RUNOFF COEFFICIENTS FOK RAIN
R%x4 T80 PRECIPITAION CONTRIRUTING TO RUNOFF

AG Ix2 1 UN1TS FLAG .

LG It ¥ £ FLLAG X¥ TFEMPERATURE,PRECIPITATION AND SNOW .
CQVERED AREA IS TO RE OUTPUT

LG %2 I FLAG IF DAXLY AND ACTUAL STREAM RUNOFF IS TO
SUTPUT .

LG %2 X FLAG IF RUNOFF COEFFICIENTS»DEGREE DAY

FACTOBRS ANDL PRECIFPLTAT10ON METHODR INDEX
ARE TO RE OUTPUT

LG 1%2 T FLAG IF LAPSE RATE ANDN CRITICAL
TEMPERATURE (S TO BRE OQUTPUT

LG 1%x2 I FLAG IF¥ MAX-HIN,CRTITCAL. TEMPS ARE TO
BE OUYPUT

LG 1%2 I FLAG JF DEPTH BY ZUNE AHI' COMPUTED

PRECIPITATION CONTIRUTING TO RUNOFF
ARE. TO RE OUYPUT

RNAL REFERENCES - NONE.

ER FROM:?
SNONRY
READIN
RUNOFF
PRESNO

UAGE/COHPUTER - FORTRAN IV/IBM 360/91 AT GSFC

RAMMER/DESIGNER - G, MAJORs RESEARCH % DATA SYSTEMS»INC.

e Y e L T T e L L T e e Y

X8 BASIN(2)sCHPIACT»TXs TN
BER%X2 IZONE(3)sUFLAG» IOFLGyROFLBsCOFLGsNTFLGy [PR(365658),
TOFLGYPOFLG

NSTON NDAYS(24)/,M0(24),ARENAM(B)»AD(12) yHO(I2)»COC12)y
6698) yPRECIP(36698),5(36678) yRUNOF(3566+,8)sANP1X(367)

UAL (366)rC8(3669B) 1 AN(IE67B) s NTILR(36698)2110(212) P (12)
NSION C1C12),AACL2)yNT(12)»PRECI2) s T1(12)P1(12)sSN(12)
NSION CMP(12)5sACT(12)yTX(12) s TNC12) 9 TC(22) v CR1(12)5P2(12)
NGSION P(364,8) s TNAX{566) rTHINC(366)»TCRIT(3646)CR(364)

NDAYS/31929531,30531,30,31531,30,31,30,31912%0/
ARENAN/ ‘A’ s B+ ‘C’ 9D’ y’E’ ¢ 'F* s G’ 9'H’/
HO(1)/74HJAN
MO(2)>/4HFER
MO(3) /AHNAR
HD(4)/4HAPR
MO(S) /AHMAY
MO(4)/4HIUN
HO(7)/4HJUL
MO(8)/4HAUG
HO(9)/AHSEP
MO(10)/4HOCT /
HOC11)/74HNODY /
‘MO(12)/4HBEC /
C1/12%°CS 7/
AA/1?2X’AN ‘' /
TX/12%"HAX TEMP/
TN/12%’MIN TEMP‘/
TC/12%°TCRY“/
CR1/12%°'CR ‘' /
DNT/12%DTLR’/
FPRE/12X'PR  */
Ti/712%°0y 7/
PL/12%’FREC/
SN/12%°8CA 7/
CHF/12% " COMPUTER' /
ACT/Z12%"ACTUAL 7/
PR/12%CPRE’/
NP/12%°DFTH’/

NNNNNNNNN

0 I=1,12

I+12

(4y=MoC(I)
AYS(JI)=NDAYS(I)
(I)=0.,0

(1y=0.,0

<I)=0.0

TNUE

UTE NUMRER OF MONTHS AND CHECK 1F GREATER 1HAH 6

2=0
TH=(IENHTH-TSTNTH) +1
NMONTH

MONTH.GT.6) GO TO 20
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]

14100
14110
141720
14130
14140
14150
14160
14370
14180
14150
14200
14210
14220
14230
14240
14250
14260
14270
14280
14290
14300
14310
14320
14330
14340
14350
14360
14370
14380
14390
14400
14410
14420
14430
14440
14450
14460
14470
14480
14450
14500
14510
14520
14530
14540
14550
14560
14570
14580
14590
14400
14410
144620
14630
14640
14450
14660
14470
144680
14490
14700
14710
14720
14730
14740
14750
14760
14770
14780
14790
14800
14810
14820
14830
14840
148%0
14860
14870
14840
14890
14900
14910
14920
14930
14940
14950
14960
14970
14980
14999

ann

ano

ODOD0

onoon

oonon nno

000

o000

20

30

100

101

110

130

GO TO 30
10ATZ=1
IEND=YSTHTH+S
CONTINUE

CHFCK IF HMORE THAN 1 YEAR 1§ REING MOBELLER

IFCIENMTH.LE.12) TY=IYEAR
IF(IENHMTH.GT,.12) 1Y=TYEAR+1

LCOF OVER NUMBER OF ZONES

DO 50 J=1sNZ
IFLAG=0
IF(IDATZ.FQ.0) IEND=IENHTH
WRITE(L29999)

CHECK IF POFLG FOR COMPUTEN PRECIF QUTPUT

IF{(POFLG.EQ.0) GO TO 103

WRITE(S691201)

WRITE(671000) RASIN»IYEARIARENAMCI) » (MOCHL) o M1=XSTHTHY IEN)
IF(NMONTH.GT.6) NH1=6

WRITE(&9»1009) C(DPCIN)sP2CIN) 9 IN=1rNK1)

60 TO S00

CONTINUE

CHECK COFLG FOR QUTPUT PARAMETERS

IF(COFLG.EQ.O0) GO TO 100
Ji=J

CHECK IF INPUY IS RY ZONE AMND WKITE OUY HEAREKR INFORMATION FOR
RUNOFF CUOEFFICIENTS(CS)» MEGREE NAY FACTORS(AN) AMD TENPERATURE
LAPSE RATES(DNTLR)

IF(IZONE(3) .FQ,0) Ji=1

WRITE(4r1001)

WRITE(651000) RASINy IYEARs ARENAK( ) » (HO(HL) s HI=TSTMTH» LENID)
IF(NMONTH.GT.4) NM1=6

WRITE(651010) (AACIN);CALCIN)sCRICINY +FRECING» IN=1sHHL)
60°TU 300
CONTINUE

CHECK DTFLG FOR OQUTPUT PARAMETERS

IF(NTFLG.EQ,0) GO TO 101

WRITE(4,2001)
WRITE(45,1000) BASINsJTYEAR,ARENAK(I) » (MOCH1) yM1=1STMTH IENM)
IF (NHONTH.GBT.6) NM1=6

WRITE(S,10%1) (DT(INISTCCIN) s IN=1,NN1)

60 TO 300

CONTINUE

CHECK JOFLG FOR OUTPUT PARAMETERS

IF(IOFLG.ER.Q) GO TO 110
J2=J

CHECK IF 1NPUT RY ZONE
IFCIZONE(2) .EQ,0) J2=1

WRITE HEARER TNFORMATION FOR TENPERATURE(T) sPRECIPITATION
(PRECXP)sAND SNUW COVERED AREA(S).

WRITE(As3501)
WRITE(S>1000) BASIN» LYEARsARENANCI) 9 (MOCH1) s HI=ISTHTHy LENDN)
IF (NHONTH,GT.6) NM1=6

HRITECA91510) (T1CIN)»PLCIN)»sSNCIN) s TH=19NHK1)

GO TO 300

CONTINUE

CHECK RQGFL.G FOR OQUTPUT FARMAYTERS

IF(ROFLG.FQ.1) GO TO 130
IF(TOFLG.EQ.1) GO TO 131
GO TO 200

WRITE HEALER INFORMATION FOR SIMULATED RUNOFF (UNP1X) AND ACTUAL
(ACTUAL)Y NATA

WRITE(&,2002)

WRITE(4,3000) BASINs IYFARy (MO(M1)»K1=IS1HTH» IEND)
IF(NMONTH.GT.4) NM1=6

WRITEC&23010) (CHPCINY sACTCIN) 9 IN=19NM1)

60 TO 300

CHECK TOFLG AND QUTRUT MAX-MIN HEANER IHFORMATION
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15000 1321 WRITF(&23001)

15010 WRITE(&93000) RASIN» IYEAR (HO(M1) »H1=18THTH, LENID
15020 TF(NMONTH,G3T.6) NH1=6

15036 WRITE(&22020) (TXCINISTNCIN) » IN=1,NN1)

15040 300 CONTINUE

150506 C©

15060 C CHECK FLAGS FOR WRITING RATA TF QUER 6 MONTHS RATA AVALLARLE
15070 C

1308¢ C

15690 € LOOF FOR MUMRER OF DAYS IN MONTH

15100 €

15110 S 00 10 Th=1s31

13120 IWICH=1D

1O13G IS=TSTMTH

15140 00 195 TM=1sNMONTH

15156 C

13140 C

15170 C CHECK FOFLG FOR OUTFUT RATA AND RLANK OUY DAYS WHERE
15180 C NO TATA IS AVAILABLE

19190 €

Jo20¢0 IF(FOFLG.EQ.0) GO TO 1G5

132190 ADCIM)=RUNUF CIWICH» )

TLaan BO(TMI=P(TWICHs 1)

15230 IF(MONCIY,4),EQ.0) GO TO 81

15240 IF(IS.EQ.2,0R.IS.EQ.14, AN, 11, GEL29) GO TO 156
15250 81 XF(ID.GT.NDAYS(IS)) B0 TO 156

15260 GG TQ 180

15270 156 AND(IM)I=999999.

15280 BO(TH)I=9299999,

15290 GO TO 180

15300 115G CONTINUE

15310 C

18320 € CHECK COFL.G FOR QUTPUT BATA AND BLANK OUT DAYS WHERE LATA IS
15330 C NOT AVAILARLE

15240 C

15350 IF(COFLG.FQG,0) GO TO 3160

15360 ADCIM)=AN(IWICHs.J)

15370 BOCTM)=CSC(INICH 11>

15380 COCTIMY=CR(TWICH)

15390 INOCIMI=TFRCIWICHY J)

15400 {F(MODCLIYr,4),EQ.0) GO TO B2

15410 IF(ISER.2,0R.ISEQ. 14, ANI, LI GE,29) GO TO 1b1
15420 82 IFCID.GT.NDAYS(IS)) (GO T 151

15430 GO TO 180

15440 151 ADCTI)I=999997.,

15450 BO(IN)=999999,

15460 COCIN) =999999.

15470 IRO(IH) =799

15480 GO 70 180

15490 160 CONTINUE

15500 C

15510 € CHECK DTFLR FOR OUPUT AN RLANK OUT DAYS WHERF NO DRATA
15%20 € IS AVAILARLE

13530 IF(NTFLG.EQ,0) BD TO 161

15540 ADCIMY=DNTLR(TWICH, J)

15550 ROCTH)=TCRITCIWICH)

15560 IF(MOD(TY»4).EQ.0) GO TO 162

15570 IF(IS,ER.2,QR TS EFR. 14, ANNL LI, GE.29) GO TO 143X
15%80 162 IFCIN.GT.NDAYS(IS)) GO TO 163

15590 GO TO 180

15600 163 ABCIN)=299999,

15610 BOCIM)=999999,

15420 G0 TO 180

15630 161 CONT INUE

15640 C

15650 € CHECK JOFLG FOR OUTPUT DATA AND RLAWK OUT DAYS WHFRE NU NATA
15640 C IS AVAILARLE

15670 €

15680 IF(IOFI.G.EQ.0) GO TO 170

15690 ADCIM)=TC(IWICHy J)

15700 ROCIM)=FRECIF(TWICH»J2)

15710 COCIN) =SCTWICHY .J)

15720 IF(MON(TY»4),EQR.0) GO TO 83

15730 IF(IS.,ENR.2,0R, [S.EQ.+14.AND,IN.GE.29) GO TO 171
15740 83 IFCIN.GTWNDAYS(18)) GO 10 173

15750 50 TN 180

15760 171 ADCIM)=999999.

15770 RO(TIM)=999999.

19740 COUIM)I=999999.,

15790 G0 TO 180

15800 170 CONTINUE

15810 C

15820 C CHFCK ROFLG FOR QUTPUT I'ATA AND RLANK OUY DAYS WHERE DATA IS
15840 C NUT AVATLARLE

15840 C

19850 IF(ROFLG.FR.O0) GO TO 1R2

15840 ANCIM) =ANFIXCTWILH)

15870 ROCTIM)I=ACTUAL (RW1CH)

15880 TF(MONCTIY»4).FQR.0) GO 0 B4

15890 IF(IS.FQ.2.,0R,IS.FA+14.ANR I GEL2Y) GO TO 181
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T ¢ S

15990
15910
15920
15930
15940
15950
15960
15970
15980
15990
15000
16010
16020
16030
16040
16050
16060
16070
16080
16090
16100
16110
16120
16130
16140
16150
16160
16170
16180
16190
146200
16210
16220
16230
16240
16250
162640
16270
16280
16290
16300
16310
16320
146330
146340
16350
16360
16370
16380
16350
15400
16410
16420
16430
16440
16450
16460
156470
14480
16490
16500
16510
16520
16530
16540
16050
143560
16570
16580
146590
16600
16610
16620
16630
164640
16450
16660
16670
164680
16690
16700
16710
16720
16730
16740
16750
16740
16770
16780
16790

aoo0ona

nnoo

84

181

182

83
183
180

71

70

72

199

40

230

(FCIN.GT,NDAYS(IS)) GO TO 181
G T 180

ADCIN)=9999999.
BO(TM)=P979999,

GO0 TO 180

CHECK TOFLG FOR QUIFUT DATA ANI! BRLANK 0OUY DAYS WHERE
NO DATA IS AVAILARLE

JF(TOFLG.EQ.0) GO TG 180

ADCIH)I=THAX(TWIUH)

BOCIM)=THINCIWICH)
IF(MODCTIY»4),.EQ,0) GO TO 85
IFCIS,EQ.2.0R.IS.EQ:+14,ANRIN.GE.29) G0 TO 183

IFCIN.GT.NDAYS(IS)) GO TO 183

GO TO 1RO

ADCIN)I=999999.

RO(IM)=999799%.,

CONTINUE

IF(MONCIY»4).EQ.0) GO TG 70
IF(IS.ER.2.0R.15.ER.14) GO TO 71
GO TO 70

NDY=NODAYS(IS)-1

GO 7O 72

ND7=NDAYS(IS)

IWICH=TWICH4NDY
1S=15+1
CONTINUE

IF(TNRATZ .EQ.0) KEND=NHONTH
IF(INATZ.ER.1) KEND=6

CHECK FOFLG AND OUTFUT DATA

IF(FOFLG.EQ.0) GO TO 199
TF(XFLAG.EQ.0) WRITE(6,2009) [Ny (AD(K) +RD(K) rK=1,KEND)
IF(IFLAG,ER.1) WRITE(6r9009) IRy (ADCK1)SRI(KL)
K1=7»NMONTH)
60 70 10

CONTINUE

CHECK COFLG AND OUTPUT DATA

IF(COFLG.EQ.,0) GO TO 210
IFCEIFLAG.ER.0) WRITE(695500) [Ny (ADCK) s ROCK) +CO(K) » TDO(K) y
K=1sKEND)
IF(IFLAG.ER,1) WRITE(S95500) Iy (ADCKL) »ROCKL) s COHCKL)
INOC(KL) s K179 NMONTH)

G0 TO 10
CONTINUE

CHECK DTFLG AN OUTPUT DATA

IF(DTFLG.EQR.O0) GO TO 221

(FCIFLAG.EQR.0) WRITE(S,5011) XDr(AD(K) »RO(K) sK=1sKENT)
IFCIFLAG.EQ.1) WRITECS95011) ANy (AOIKU) s ROCKL) s K127 NHUNTR)
6o TO 10

CONTINLUE

CHECK TOFLG AND OUTPUT NATA

IF{IOFLG.,FQR.0) GO TO 220
IFCIFLAG.EQ,D) WRITE(S56000) LNy (ADCKIsBO(K) s COCK) »
K=1sKEND)
IFCIFLAGFR,1) WRLITE(S56000) Il CADCKL) »ROCKI) »COCKL)
K1=7 s NMUONTH)
G0 TO 10
CONTINUE

CHECK ROFLG AHD OUTFUT RATA

IF(ROFLG.FQ.0) B0 TO 230

IFCIFLAGL.EQ.1) BN TO 40
IF(UFLAGL.EQ.1) WRITE(&27000) TNy (AOCK) 9 HO(K) #K=1,KEND)
IF(UFLAG.EN.O) WRITEC(SH,7001) TNy (AODCK) »RO(K) »K=1»KEND)
IF(IFLAG.EQ.O) GO TO 10

IFCUFLAG.EQ,1) WRITE(CA»7000) INs(ANIK1) »BOCKL) P K127 NNONTH)
IFC(UFLAG.ER.0) WRITE(Ss7001) INs (ADIKL) s RO(K1) K127y NMONTH)

GO 10 10

CONTINUE

CHECK TOFLG AND OQUTFUT DRATA
IFCTOFLG.EQ. Q) GO TO 232

IFCIFLAG.EQ.0) WRITE(H>2000) 1IN, (ADCK) »BOCK)
K=1yKEND)
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156800 IFCIFLAG.EQ.1) WRITE(692000) IR (ADCK1) s RO(KL)y

16810 1 K1=7sNHONTH)

16820 232 CONTINUE

16830 10 CONTINUE

16840 C

168%0 C CHECK AlLL FLAGS AGAIN ANDR DUTFUT DATA FOR OVER 6 KONTHS
14860 C

16870 IF(IFLAG.EQ.1) BO TO 51

16880 IFCIDATZ.EQ,1) IFLAG=IFLAG+1

16890 IFCINATZLER.Q) GO TO 51

14900 TENH2=TENN+1

14910 IF(FOFLG,.EQ.Q) GO TO 399

15929 WRITE(4,1201)

16930 WRITEC(S21000) BRASINsTYEAR>ARENANK (1) » (MOCH2) s M2Z=TENN2» TENMTH)
16940 WRITE(491009) (DPC(IN)sP2CIN)» IN=7,NMONTH)

14950 G0 T4 5

16960 399 CONTINUE

16970 IF(COFLG.ER.0) GO TO 400

146980 WRITE(4,1001)

16990 WRITE(691000) BASINsIYEAR>ARENAH () » (HOCH2) s M2=TENM2» 1ENKTH)
17000 WRITEC621010) (AACIN)sUCLCIN)sCRICIN) v PRECINY » IN=7 s NHONTH)
17010 GO TO S

17020 400 CONTINUE

17030 IF(DTFLG,EQ.0) GO TQ 401

17040 WRITE(652001)

17050 WRITE(621000) BASIN,IYFAR»ARENAMCI) » (HOCHZ) s M2 1TERNZ» LENMTH)
17060 WRITE(6»1011) (MTCIN) s TCCIN) s IN=7 s NMONIH)

17070 G0 TOo S

17080 401 CONTINUE

17090 IF(IOFL.G.ER.Q0) GO TO 410

17100 WRITE(6,1501)

17110 WRITE(671000) RASIN, IYFAR'AREHAM () » (KO(N2) s H2=1ENHZy 1ENKTH)
17120 WRITEC(621510) (T1CIN)»PLCAN) # SNCIN) 2 IN=7sNMONTH)

17130 GO TO 5

17140 410 CONTINUE

17150 IF(ROFLG.EQ.0) GO TO 421

17160 WRITE(46,2002)

17170 WRITE(613000) BASINIIYEAR, (MO(M2) s MZ=1ENM2 s 1ENKTH)

17180 WRITE(693010) (CHP(IN)sACTC(INY s IN=7 s NMONTH)

17190 GO TO 5

17200 423 CONTYNUE

17210 IF(TOFLG.ER.O) GO TO 51

17220 WRITE(4,3001)

17230 WRITE(4623000) RASIN,IYEARs (KO(M2) s M2=1ENM2» IENNTH)

17240 WRITF(6+3020) (TXCIN)STNCIN) s INS7sNHONTH)

17250 GO TO S

17260 C

17270 51 JF(COFLG.EQ.,1) GO TO S0

17280 IF(RUFLG.EQ@.1) GO D 999

17290 IF(TOFLG.FQ.1) GO TO 999

17300 50 CONT INUE
17310 999 RETURN

17320 C

17330 € FORMAT -STATEMENTS

17340 C

17350 9999 FORMAT( G 2///77777)

17360 1000 FUORMAT(//5Xe ‘RANGO-MARTINEC MONEL FUR ‘»2A8,2Xs YEAR='+15//
17370 1 10X, ‘DATA FOR ZONE‘+AS//

17380 2 WX2'RAY ‘16X 6(A4216X)/)

17390 1010 FORMAT(&X»&(A4:2XsAAr1Xr1A452XsA4)/)

17400 1011 FORMAT(SX»6(2XyAAr4XsA4,64)/)

17410 1510 FORMAT(&(AX2A421X»A4,3XrA4)/)

17420 30006 FORHAT(//5Xs "RANGO-MARTINEC MONEL FOR ‘»2ABs2Xy YEAR='11S//
17430 1 1Xs"NAY " 1&X16CA4916X)/)

17440 3010 FORNAT(2X:6(1XsABs3XsAB)/)

17450 3020 FORMAT(IX246(1X1ABs1X2A822X)/)

17460 5000 FORMATC(1X212¢s2X26C6X,F10.3))

17470 5011 FORKAT(IX»T292Xe6C(F6.294X9F4,256X%X))

17480 5500 FORMAT(1XsTI2s3Xr6(F4,292XsF4.,271XsF4,2:3Xs1152X))
17490 6000 FORMAT(IX»T2r1Xs8(F64291XsF5,291XsF5,392X))

17500 7000 FORMAT(1XrI2+1X96(F6.,0:4XsF5.0r4X))

17510 7001 FORMAT(1XsI291X96(F74342X9F7.3+4X))

17520 9000 FORMAT(1Xs 125 2X94(F6.213XsF6.29»5X))

17530 1009 FORMAT(GXr6(2X1A414XrA496X)/)

17540 9009 FUORMAT (11X, 1292Xs6(1XsF5,323XsF3,396X))
17550 1201 FORMATC(/GX» "DATLY SNOW DEPTH RY ZONE TN CH.MXXZ2(IFTH),»
17560 1 NDAILY COHMPUTED PRECIP CONTRIRUTING TO RUNGFF(CPRE)‘/)

17570 1001 FORMAT(/%5X» ‘DEGREE-DAY FACTORSC(AN) sRUNOFF COEFFICIENTS FOR
17580 SNOW(CS)» FOR RAINCUR)» PRECIP METHOD(PR)‘/)

17590 1501 FORMAT(/5Xs "RATLY TEMP TN REGREE~DAYS(NN) » 1NFUT FRECIF(FREC)»
17600 1 SNOW COVEREDN AREA IN Z(STA)Y’/)

174610 2001 FORHMAT(/5Xs "LAPSE RATE(DTLR)» CRITICAL TEKPERATYURE(TCRT) /)
17420 2002 FDRMAT(/5Xs 'NAILY COMPUTER AND ACTUAL SNOWMELT RUNUOFF DATA‘/)
17630 3001 FORMAT(/5Xy’'DATLY MAXINUM ANDR MINIMUN TEMPEKATURES’/)

-

17640 END

17650 SURRQUTINE FLOTRC(ANFIXrACTUAL » X1 NI UFLAG»ACTFLG)

17460 C

17620 CERXRXRXREXRRARREARRERE KX RRRRERRRRERKARRRARK R KR ERR KRR X KA KRR RRERREAAE KR RK
17480 C

176%0 € FUNCTION - PLOTR CALLS THE FORTRAN PRPLOT FRINTER-FILUT
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1000
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120

130

11

PACKAGE YU PLUT ACTUAL AND STHULATED STREAM
RUNOFF AS A FUNCT10N OF STREAH DISCHARGE VS,
NUMRER UF SNOWMELT DAYS.

ARGUMENT L1ST -
VARIABLE TYPE IO ODESCRIPTION

ANP1X RX4 10 ARRAY OF SIMULATEN STREAM RUNOFF DATA
ACTUAL R%4 10 ARRAY OF ACTUAL STREAM RUNOFF

X1 R%4 I0  ARRAY UF SNOWMELT DAYS

N[t Ix4 1 NUMRER OF SNOWMELT DRAYS

UFLAG %2 X UNITS FLAG? O=METRIC UNITS,1=ENGLISH UNITS
ACTFLG Ix2 T ACTUAL DATA FLAG: 0=NO ACTUAL DATA

AVALLARLE » 1=ACTUAL DATA AVAILABRLE

EXTERNAL REFERENCES --

FLOT1 ~ PRPLO1 ROUTINE TO DEVTERHMIHE PLOYT SCALE FACTORS ANR
NIMENSIONS OF LENGTH AND WIDRTH OF PLOT IMAGE.,

PLOT2 ~ FRPLOT ROUTINE CONSTRUCTS GRIN1 IMAGE XN CORE,

PLOTS ~ PRPLUT ROUTINE PUTS SPECIFIEDN CHARACTER TN POSITION
CORRESPONNING TO VALUEC(S) OF X AND Y,

PLOY4 ~ PRPLOTF ROUTINE WRITES IMAGE OF COMPLETED GRAPH ON
UNTT FTOAFOQL1., PRINTS LAREL FOR ORLMINATE ON LEFT
ENGE OF PLOT.

CALLER BY ~- MAIN
COHPUTER/LANGUAGE -- IEM 360/9% AT GSFC/FORTRAN 1V

DESIGNER/FPROGRAMMER ~- G, MAJORIKESEARCH $ DMATA SYSTEHS» 1INC.

EXREEKRRKEERRRKERE KRR KRR R KRR E KRR R KRR RRR R KRR KRR KA KRR KRR AR K

DIHENSION GRID1(3500)
DIMENSION DASH(3)

DATA CHAR/® 7/
NATA DASH/3%0.1/

DIMENSION QNP1X(367)sX1(367)sACTUAL(346)ACTFLT(366)
INTEGER®2 UFLAG»ACTFLG

WRITE(46¢1000)
FORMAT(’ BURROUTINE PLUT ENTERED’)

SCALE ACTUAL AHD PREDICTER STYREAM FLOW IF 1IN ENG. UN1TS

DO S5 I=1,ND
ANPLX(I)=QNP1X(1)/100,
ACTPLT(I)=ACTUALCT)

CONTINUE

IFCUFLAG.ER.1) GO TO 120

680 TO 130

N0 7 I=1yND
GNP1X(1)=QNP1X(1)/100.
ACTPLT(I)=ACTUAL(I) /100,

CONT INUE

GO0 TO 131

CONTINUE

DD & J2=1,ND
ACTPLT(12)=ACTUAL(I2)

CONTINUE

SET UP FLQT FOR NUMRER OF DNAYS .LF. 100

IF(ND,LE.100) GO TO 10

GO TO 20

CONTINUE

WRITE(4,8)

CALL FLOT1(0¢10010510+10) .

CALL PLOT2(BRIN1s100,50,5%50,350,)

ND1=ND-1

CALL FLOT3( %’3X1¢1)»ANP1X(1)sND)
IF(ACTFLG.ER,0) 60 TO 11

Catl PLOTAC’ . sXI15ACTPLTNN)

IFCUFLAG.EQ.0) CALL PLNT4(18, 'NURIC HETFRS/SFC’)
IFCUFLAG.EQ.1) CALL FLOT4(?28y ‘CURIC FEET/SFL SCALED RY 300°)
WRITE(699)

FORMAY (/730X " %x=COMFUTEN «=ACTUAL ")

WRITE (6,8

FORMATC'C 9/ /77777

CONTINNE
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18600 C SET UP PLOTS FOR NUMBER OF DAYS .LF. 200

18610 C

18620 IF(NDN,GT.100.ANRND.LF.200) G} TO 30

18630 GO TO 40

18640 30 CONTINUE

18650 . WRITE(4,8)

18660 CALL FLOT1¢(0,105310510+10)

18670 CALL PLOT2(GRID1+100,50.+50,70.)

18480 CALL PLOTI( X »X1(1)sQANF1X(1),100)

18690 IF(ACTFLG.E@.0) GO TO 35

18700 CALL FLOT3C(’, ¢ X1»ACTPLT»100)

18710 35 IF(UFLAG.EQ.0) CALL PLOT4¢(18y 'CURIC METERS/SEC’)
18720 IFCUFLAG.EQ.,1) CALL PILOTAC(28y ‘CURIC FEET/SEC SCALER RY 1007)
18730 WRITE(659)

18740 WRITE(&:8)

18740 C

18760 C PLOT RAYS RETWEEN 100 AND 200

18770 C

18780 CALL FLOT1(0r10+10,10,10)

18790 CALL. FLOT2(GRIN1I»200,5100,550,+0,)

18800 NN1=(NR-100)+1

18810 Call PLOT3( X »X1(100)sANPI1X(100) N1

18820 IF(ACTFLG.ER.O) GO 1O 45

18R30 C NDR2=(ND-100)+1

18840 CALL PLOT3C’,’9X1¢(100)sACTPLT(100)yND1)

18850 45 IF(UFLAG,EQ,Q0) CALL FLOTA(18> 'CURIC KEVERS/SEC’)
188560 IF(UFLAB.EQ.1) UCALL PLUTA4(28, ‘CURIC FEET/SEC SCALED BY 100‘)
18870 WRITE(6+9)

18880 WRITE(658)

18890 40 CONTINUE

18900 C

18910 C SET UP PLOTE FOR NUMBER OF DAYS ,LF, 300

18920 C

18930 IF(ND,GT,.200,.ANRNLND.LE.300) GO TO G50

18940 GO 70 &0

18950 50 CONTINUE

189640 WRITE(4,8)

18970 CALL FPLOT1¢(0,10+30,10+10)

18980 CALL PLOT2(GRIN1,100.,90,¢50.,0,)

18990 CALL PLOT3C X’ »X1(1)>ANF1X(1),100)

19000 IF(ACTFLG.ER.0) GO TO 55

19010 CALL FLOT3(’. sX1»ACTFLT»100)

19020 9% IF(UFLAG.EQ.0) CALL PLOTA(18, CURIC METERS/SEL‘)
19030 IF(UFLAG.EQ.1) CAlLL PLOTA(28, 'CURIL FEET/SEC SCALED RY 1007)
19040 WRITE(&»9)

19050 WRITE (&5 8)

19060 C

12070 C PLOT RETWEEN DRAYS 100 AND 200

19080 C

19090 CALL PLOT1(0+10+30,10,10)

19100 CAlL PLOT2(GRIN1,200.5100,9%50.50.)

19110 CALL PLOT3C( X 9X1(100)»@NP1XC100),301)

19120 IFC(ACTFLG.EQ.O) GO TU 65

19130 CALLl FLOT3( . »X1C¢100)»ACTPIL.T(100)5101)

19140 63 IFC(UFLAG.EQ.0) CALI PLOTA4(18s CURIC METFERS/SEC’)
19150 IF(UFLAG.EQ.,1) CALL PLOT4(28, CURIC FEETS/SEC SCALEN RY 100,%)
19160 WRITE(S6, )

19170 WRITE (& R)

19180 C

1?9190 C FLOT DAYS BRETWEEN 200 ANR 200

19200 C

19210 CAlLl FLOTI(0210910+10,10)

19220 CALL PLOT2(GRIN1+300.5200,+50,20,)

19230 ND1=(NR-200)+1

19240 CALL FLOTSC X pX1(200)sQNP1X(200),ND1)

19250 IF(ACTFLG.FQ.0) GO TO 75

19260 € ND2=(ND=-200)+1

19270 CALL PLOT3C(’, " »X1¢(200)sACTFI.T(200) yRI1)

19280 75 FCUFLAG.EQ.0) CALL PLOT4(18, CURIC METERS/SEC’)
19290 IFCUFLAG.EQ.1) CALL FLOTA4(28, "CURLIC FEET/SEC SCALER RY 100.7)
19300 WRITE(S:,9)

19210 WRITE(&:8)

19320 60 CONTINUE

19330 C

19340 C SET UP FI1OTS FOR NUMRER OF NAYS RETWEEN $00 AWl 345
19450 C

193560 IF(ND.GT,.300.,AND.ND.I E,.3&46) GO TO 70

19370 60 TO 80

19280 70 CONTINUE

19390 WRITF(6+8)

19400 CALL FLOT1(0/,10,10,10,10)

17410 CALL FIOT2¢BRIN1,100.90,950.90.)

19420 CALL FLOTIC XK p X122 UNFLIX()»9Y)

19430 IF(ACTFLG.EQ.0) RN TO 85

19440 CALL FLOTIC 2 X19ACTRLT» 100)

194590 8 {F(UFLAG.EQ.0) CALL FLOT4(18, "CURIC MFTERS/SFC’)
194460 IFQUFLAG.FQR,1) CALL FLOYA(28, "CURIC FEET/SEC SCALER RY 100,7)
19470 WRITK(6,9)

194K0 WRITE(&sR)

1?2490 C ’
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192500
192510
19520
19330
19540
19550
19560
19570
19580
19590
19400
19610
19420
194630
194640
19450
194660
194670
19680
19490
19700
19710
19720
19730
19740
19750
19760
19770
19780
19790
19800
19810
19820
19830
19840
19850
19840
19870
19880
19890

75

1135

80

PLOT RETWEEN 100 ANDN 200 DAYS

CALL PLOT1¢0510,10,10510)

CALL PLUT2(GRID15200,7,100,550.20,)

CALL FLOT3C % 3 X1¢100)sQNP1X(100),101)
IF(ACTFLG.EQ.0) G0 TO 95

CALL PLOT3(’, »X1(100),ACTFILT(100),101)

IFCUFLAG.ER.O) CALL
IF(UFLAG.FQ.1) CALL
WRITECLs D)
WRITE(6.8)

FLOTA(18y ‘CYRIT HETERS/SEC’)
FI.LOTA(28y ‘CURLILC FEET/SEC SCALED

FLOT RETWEEN 200 AND 300 DAYS

CALL FIL.OT1(0»10+105,10,10)

CALL PLOT2{(GRID1+300.,¢200+¢50.,+0.)

CALL PLOTI(“%’ s X1(200)+QNP1X(200)2101)
IFCALTFLG,.ER,0) GO TO 105

CALL PLDT3IC(’ .71 X1¢200)sACTFLT(200)9101)

IFCUFLAG.EQ@,. Q) CALL
IF(UFLAG.EQ,1) CALL
WRITE(6:9)
HRITE(6:8)

PLOT4¢(18,'CUBIC METERS/SEC’)
PLLOT4(28y ‘CURIC FEET/SEC SCALEN

PLOT RETWEEH 300 AHD 365 DAYS

CALL FLOT1¢0510+10510510)
CALL PLOT2(GRIDN1y400,7300++50,50,)

NIt = (NDR-300)+1

CALL PLOTSC %’ »X1(300)»ANP1X¢300) ND1)
IF(ACTFLG,.EQ.0) GO TO 115

NR2=(ND-300)+1

CAat.l. FLOT3C( . »X1(300)9ACTPLT(300)sND1)

IF(UFLAG.EQ.0) CALL
IF(UFLAG.EQ.3) CALL
WRITE(6»9)
WRITE(&,8)

CONTINUE

RETURN.

END

PLOT4¢18y 'CURIC METERS/SEC’)
PLOT4(28y ‘CURIC FEET/SEC SCALED
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Q00190 SUBROUTINE PRPLOT

00020 C PETE SHIDINGER SUNNMER 1966 HATH & COMP DR GSFC NASA
009030 IMPLICIT LOGICAL®1(W),» LOOICALX1{K)
00040 DIMENGION NSCALE(S) s ADNOS(24)sX(21)eV(L)
00050 LOGICALS1 NOB(10)/°0°9“1°0°2°5'3°¢"4°2°S 146" 0°7°9°8°¢°9°/
00060 LOGICALSL IMAGE(1),CH)LABEL(1)

00070 LOGICALS) ve *HC/’ eNC/ ' #°/28L7" 7
00080 L » HFZ’F'/eHF1/° o' 79HF 272/
00070 DATA VC/° 1/

00100 C DATA VC/Z4F/

Qo110 LOGICALE1 FOR1C19)/°(1XA1,F8, »1X121A1)°/
00120 L 2FOR2¢15)/°(1XA3y» 9X121A1)>°/
00130 L 'FORIC19)/°C1HOF .+ » F . )7
00140 DATA KPLOT1 /.FALSE./» KPLOT2/.FALSE./
00130 DATA KABBC.XKORD,KBOTGL /38.FALSE./
00140 C

00170 ENTRY PLOT1C(NSCALE NHLsNEBH ) HVLINSBV)
00180 KPLOT1=,TRUE.

00170 KPLOT2»,FALSE.

00200 123 NH=IABS (NHL)

00210 NSH=IABS(NBDH)

00220 NV=1ADS(NVL)

00230 NSVaIANS(NSBV)

00240 NSCLsNSCALE(1)

00250 IF (NHSNBHENVINBV.NE.O) GD TO 128

00240 HRITE (&r14)

00270 14 FORHAT(TS, “SOME PLOT1 ARG, ILLEOQALLY 0‘)
00280 KPLOT=,.FALSE.,

00290 RETURM

00300 128 KPLOT=, TRUE.

00310 IF(NV.LE.25) GO TO 126

00320 WKITE (6s12)

00330 KPLOT=.FALGE,

00340 12 FORMAT(TS,'NO. OF VERTICAL LINES >23‘)
00150 RETURM

00340 126 CONTINUE

00370 HVMsNV-1

00360 NUP=NV+1

00390 NDH=NHENSH

00400 NDHP =MDH+1

Q0410 NDVSNVENSY

00420 NDUP=NDV+1

00430 NING=(NDHPINDVP)

00440 IF(NDV.LE,120) GO TO 130

00450 KFLOV=,FALSE.

00460 WRITE (6l

00470 11 FORBAT(TS, ‘WIDTH OF GRAPH >121°)

00400 RETURN

00490 130 CONTINUE

00500 IF(NSCL.EQ.0) GO TO 70

00510 FSY=10.88NSCALE(2)

00520 FSX=10.¥8NSCALE(4)

00530 IV=NINOC(IABS(NSCALE(3)})»7)¢18

00540 IX=MINO(IADS(NSCALE(S))»?)¢1

00550 GD 70 725

00540 20 FSY=t,

00570 FSx=1,

00580 [v=q

00590 IXw4g

00595 IF(.NOT. RKPLOT2) GO TO 75

00600 XI=HAXI(ABBCXNAX) »ABS(YNAX) +ABS(XMIN) +rABB(YNIN) )
00610 1pax1

005620 IF(IP .0T. 99999) IV=i
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00430
004640
00630
00540
00470
Q0480
00690
00700
00710
00720
00730
00740
007350
00760
00770
00700
00790
00800
00810
00820
00830
00840
00830
00840
006870
00080
00890
00900
00910
00920
00930
00940
00950
00940
00970
00980
00990
01000
01010
01020
01030
01040
01030
01060
01070
01080
01090
olL100
o1110
01120
01130
01140
Q1150
01160
01170
01180
01190
01200
01210
01220
01230
01240

228
230

IFCIP .GT, 9999) I¥=2
IF(IP .07, 999) 1Y=3
FOR1(10)=NOS(1IY)
NA=MINO(IX,NSV)-1
NS=NA-HINO(NAL120-NDV)
NB=11-NSHNA
I1=NB/20
I2=NB-I1810
FORI(46)=NDB(11+1)
FOR3I(7)=NOS(I241)
FOR3I(9)=NOS(NA+1)
1F(WV.07.0) 00 TO 90
DO 80 J=11,18
FORI(J)=BL
G0 TO 100
11=NV/10
12sNV-11310
FOR3(11)=N0S(I1#1)
FORI(12)=NOS{(I2+1)
FOR3I(13) =HF
I1mNBV/100
13=NSV-11%100
12=13/10
I3=I3-12810
FOR3I{14)=N0S(I141)
FORI(15)=NOS(I241)
FOR3I(16)=NOS(I3+1)
FOR3I(17)=HF1
FOR3(18)=FORI(?)
IF(KPLOT1) RETURN
KPLOT1=,.TRUE.

ENTRY PLOT2(IHAGE ¢ XHAX  XHIN¢ YHAX» YHIN)
KPLOT2=, TRUE.

IF(KPLOTL) GO TO 210
NSCL=0

NH=$

HSH=10

HY=10

H§V=10

G0 10 128

CONTINUE
IFC.NOT.KPLOT)RETURMN
YHX=YMAX

DH=( YHAX-YHIN) /FLOAT (NDH)
DV={XHAX-XNIN}/FLOAT(NDV)
00 220 I=1,NVP

ABNOS(I) = (XNIN{FLOAT( (I-1)BNSV)SDV)RFSX
DO 225 [=1.NING
IHAGE(I)=BL

D0 240 [=1,NDHP

I2=1sNDVP

11=12-NDV
KNHOR=HOD{I-1+H8H) .NE, O

1F (ANHOR) GO TO 230

0o 228 J=11,12

IHAGE( J)=HC

CONTINUE

DO 240 J=11,12,N6V
IF(ARNHOR) GO TO 233

INAGE (J)=NC

GO TQ 240
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01250
01260
01270
01280
01290
01300
01310
01320
013130
01340
01350
013460
01370
01380
91390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530

01540 -

01550
01560
01570
01580
01590
014600
01610
01620
01430
01440
01450
01660
01670
01480
01690
01700
01710
01720
01730
01740
01750
017560
01770
01780
oL790
01800
01810
01820

¢35
240

300
301

a2

13
314

o

o

01830 .

01840

END OF DATA

THAGE(J) =yC
CONTINUE
XHINI=XHIN-DV/2,
YHINLI=YHIN-DH/2,
RETURN

ENTRY PLOTI(CHrXsYeN3)

IF(XPLOT2) GO TO 312

WRITE (6r13)

FORRAT(TS+’PLOT2 MUSBT DE CALLED’)
CONTIMUE

IFC.NOT.KPLOT) RETURN

IF(NIGT.0) GO TO 314
KPLOT=,FALSE.

WRITE (6:185)

FORHAT(TS,’PLOT3» ARG2 < 0’)
RETURM

DO 320 I=1,N3
DUN1=(X(I)~-XHIN1)/DV
DUN2=(Y(I)-YHIN1)/DH
IF(DUM1,LY.0,.0R.DUH2.,LT.0.) GO TO 320
IF (DUM1.GENDVP,OR,DUN2.GE,.NDHP) GO TO 320
NX=L+INT(DUML)

NY=1+INT (DUN2)
J=(NDHP-NY ) SNDVP+NX

IAAGE(J)=CH

CONTINUE

RETURN

ENTRY PLOT4(HLsLABEL)

ENTRY FPLOT4(NL,LABEL)

IF(.NOT.KPLOT) RETURN

IF{,ROT.KPLOT2) GO TO 301

DO 420 1I=1,NDHP

IFC1.EQ.NDHP.AND.KBOTGL) 00 TO 420

WL=pL

IFCI,LE.NL) WL=LABEL(I)

12=1sNDVP

I1=12-NDV

IF(HOD(E-1+NSH) .EQ.O.AND, .NOT.KORD) GO TO 410
WRITE (4,FOR2) ULe(IHAGE(J)»J=I1,12)

GD TO 420

CONTINUE

ORDNO=(YHX-FLOAT(I-1)80H)8FSY

HRITE (4:FOR1) WL,ORDNOr (IMAGE(J)»J=I2+s12)
CONTINUE

IF(KABGEC) GO TO 430

WKITE (6sFOR3) (ABNOS(J)r»J=1,HVP)

RETURN ‘

ENTRY OHITC(LSW)
KABSC=MOD(LSW,2).EQ.1
KORD=NOD(LSW,4),GE,2
KBOTGL=LSW.GE. 4
RETURN

ENTRY PLTAPEC(ITAPE)
NOT YET

RETURN

END
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APPENDIX C
DETAILS OF TEMPERATURE PREPROCESSING SUBROUTINE PRETMP
Table C—1. Description of parameters in temperature preprocessing subroutine PRETMP.
Figure C—1. Process-oriented flow chart for PRETMP,
Figure C—2. Flow diagram for subroutine PRETMP,

Figure C—3. Source listing for subroutine PRETMP,
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Table C—1

Units
Parameter Common Type Metric English Description
TMAX1 TBASE R*4 °C °F Maximum temperature at station #1
TMIN1 TBASE R*4 °C °F Minimum temperature at station #1
TMAX?2 TBASE R*4 °C °F Maximum temperature at station #2
TMIN2 TBASE R*4 °C °F Minimum temperature at station #2
THOURI1 TBASE R*4 °C °F Hourly temperatures from station #1
THOUR2 TBASE R*4 °C °F Hourly temperatures from station #1
T1 TBASE R*4 °C °F Temperatures in degrees/degree-days
from station #1
T2 TBASE R*4 °C °F Temperatures in degrees/degree-days
from station #2
DTLR BASDAT R*4 °C/100m °F/1000ft Average temperature lapse rate in
degree-days
ZMEAN TBASE R*8 m ft Hypsometric mean elevation of
each zone
STATN TBASE R*8 m ft Mean elevation of each base station
NSTATN TBASE I*4 — - Number of base stations
MAXMIN TBASE 1*2 — - Flag to indicate if temperatures are
maximum-minimum.
0 = Not MAX-—-MIN
1 =MAX-MIN
ND CLIDAT 1*4 Days Days  Number of snowmelt days
NZ BASDAT I*4 — - Number of elevation zones
UFLAG OPTDAT I1*2 —_ —_ Units option flag
0 = Metric units
1 = English Units
MTHD OPTDAT I*2 — — Degree-day temperature computation
flag
0 = Mean method
1 = Effective minimum
IEXT TBASE I*2 — —_ Flag indicates how temperatures

104

are to be extrapolated to eleva-

tion zone

0 = Extrapolate using predetermined
constant

1 = Automatically extrapolate using
lapse rate



Table C—1 (cont.)

Units
Parameter Common Type Metric English Description

IDEGDY TBASE I*2 — — Flag to indicate if temperatures
are to be computed in degree-days.
0 = Do not compute
1 = Compute temps in degree-days

ITZ TBASE I*2 —_— —_ Flag to indicate if temperatures

are from single zone or all zones
0=All zones
1 = Single zone

THOUR TBASE 1*2 — _— Flag to indicate if temperatures are
input hourly
0 = No hourly temperatures
1 = Hourly temperatures
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901

INPUT

PROCESS

OUTPUT

MAX—MIN TEMPERATURES
NUMBER OF DAYS

NUMBER OF ZONES

NUMBER OF STATIONS
ELEVATION OF STATIONS
ELEVATION OF ZONE
TEMPERATURE READING FLAGS
DEGREE-DAY METHOD

UNIT FLAG

EXTRAPOLATE
TEMPERATURES

TO THE
ELEVATION ZONES

Y

COMPUTE
TEMPERATURE
IN
DEGREE-DAYS

TEMPERATURE
IN
DEGREE-DAYS

Figure C—1. Process-oriented flow chart for PRETMP.
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HOURLY
DATA

SUM TEMPS
FOR EACH
STATION AND
DIVIDE BY 24

COMPUTE
EXTRAPOLATED
TEMPERATURE

I AU
—
COMPUTE
TEMPERATURE
IN EACH
ZONE

ENTER
PRETMP

CHECK UNITS

[

TEMPERATURES

CHECK IF

INPUT BY
ZONE

COMPUTE ZONE

CONSTANTS

FOR EXTRA-
POLATION

J 2 NUMBER

OF ZONES

DEGREE-
DAYS?

CHECK METHOD
OF COMPUTING
DEGREE-DAYS

]

COMPUTE
TEMPERATURE
IN DEGREE-
DAYS

JeJd+1

| 2 NUMBER
OF DAYS

COMPUTE MAX
TEMPERATURE
IN EACH
ZONE

|

COMPUTE MIN
TEMPERATURE
IN EACH
ZONE

CHECK METHOD
OF COMPUTING
DEGREE-DAYS

COMPUTE
TEMPERATURE
IN DEGREE-
DAYS

|

DEGREE-
DAYS?

CHECK METHOD
OF COMPUTING
DEGREE-DAYS

COMPUTE
TEMPERATURE
IN DEGREE-
DAYS

HOURLY
DATA

SUM TEMPS
DIVIDED BY
24 FOR AVERAGE
TEMPERATURE

CHECK METHOD
OF DEGREE-
DAYS

.

COMPUTE
TEMPERATURE
IN DEGREE-
DAYS

EXTRA-
POLATE TO
ZONE?,

EXTRAPOLATE
TO ZONE USING
LAPSE RATES

L —

—L |
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Figure C—2. Flow diagram for subroutine PRETMP.



Uiy SUBROUTINE FRETHMP(STATNsND»NZyITHAX» ITHMINy TEMPT» TMAXE» THINL»

00020 1 THAX2+THIN2DTLRsUFLAGsMTHD,ZHEANsNSTATN, IEXT s IDEGDYsT)

00030 C

00040 CREAKIREARRRRRRARKKERRRLRRLRRERXRARKKRLRREKRRRBERRRRTAERRRRRRERRRERERRAKN
00050 C :

00060 C FUNCTION - PRETMP IS A MODULAR TEMPERATURE FREPROCESSING ROUTINE
00070 C TAKES MAX-MIN DAILY TEMPERATURES IN DEGREES FROM
00080 C EACH STATION AND EXTRAFOLATES THE TEMPERATURE T0
00090 € THE ZONE AND COMFUTES THE TENPERATURE IN DEGREE-DAYS,
00100 C NEGREE-DAYS CAN BE COMPUTED BY ONE OF TWO METHODS
00110 C AS MEAN OR EFFECTIVE MINIMUM. TEMPERATURES CAN BE
00120 C INFUT AS SINGLE STATION VALUES OR AS HOURLY

00130 C TEMPERATURES

00140 C

00150 C

00160 € ARGUMENT LIST

00170 C VARIABLE TYPE 10 DESCRIPTION

00180 € —-—=m--- mmmm e e

00190 C STATN R¥8 1 ELEVATION OF RECORDING STATION

00200 C ND I¥4 1  NUMBER OF SNOWMELT DAYS

00210 ¢ NZ I¥4 1  NUMBER OF ZONES

00220 C ITHAX Ixa I DAY MAX TEMP IS RECORDED FOR EACH STATION
00230 C ITHIN Is4 I DAY MIN TEMP 1S5 RECORDED FOR EACH STATION
00240 € THAX1 R&4 I  MAX TEMPERATURE FOR STATION 1

00250 C THIN1 R$¥4 I  HIN TEMPERATURE FOR STATION 1

00260 € THAX2 R¥4 1  HAX TEMPERATURE FOR STATION 2

00270 C THINZ R4 I HIN TENPERATURE FOR STATION 2

00280 C UFLAG I¥2 1  UNITS FLAG(ENGLISH DR HETRIC)

00290 C KTHD 152 I  METHOD OF COMPUTING DEGREE DAYS

00300 C (EFFECTIVE MINIHUM OR MEAN)

00310 C ZMEAN R¥8 I  HYPSOMETRIC MEAN ELEVATION OF EACH ZONE
00320 C NSTATN I¥2 I  NUMBER OF TEMPERATURE RECORDNING STATIONS
00330 C 1EXT I¥2 I FLAG TO EXTRAPOLATE TO ELEVATION ZONES
00340 C IDEGDY I1¥2 I  FLAG TO COMPUTE DEGREE-DAYS

00350 ¢ T R4 0 COMPUTED TEMPERATURE IN DEGREE DAYS

00360 C

00370 C EXTERNAL REFERENCES -- NONE.

00380 C

00390 C CALLED BY -- MAIN (DRVSNO)

00400 C

00410 € COMPUTER/LANGUAGE - IBM 360/91 AT GSFC/FORTRAN IV

00420 C .

00430 C DESIGNER/PROGRAMNER - G.MAJOR,RESEARCH 3 DATA SYSTEMS,INC,
00440 C

00450 CREXREKARRKKEKKERXRTXAMETRRRRRREERRRKASERRRRKRRKKRKEREKRTRKARKAXRARRARR KR
00460 C

00470 C

00480 ¢

00490 DINENSION ZCONST(8)sARENAM(S)

00500 DIMENSION STATN(2), ITHAX(2) s ITHIN(2) »THAX1(365) s THINL (365),
00510 1 THAX2(365) ) THIN2(3465)»ZHEAN(B) s T(365+8) s DTLR(3S5+8) y TEHPT(365+8)
00520 C

00530 REALX8 ZMEANsSTATNsZCONST,STAINT

00540 INTESER®2 ITHAXs ITHIN/MTHD, ITFROC,UFLAGsNSTATNs IEXT s IREGDY
00550 €

00560 C

00570 IF (UFLAG.E@.0) TU=0.

00580 IF(UFLAG.EQ.1) TU=32,

00590 C

00400 C

00610 C CHECK NUMBER OF STATIONS

00620 C

00630 IF(NSTATN.EQ.1) GO TO 900

00640 C

Figure C—3. Source listing for subroutine PRETMP.
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00650 C CALCULATE ZONE CONSTANTS EASED ON HYFPSOHETRIC MEAN ELEVATION

00860 C OF ZONE AND ELEVATION OF STATION

005870 C

00680 STAINT=STATN(1)-STATN(2)

00690 DO 10 I=1,sNZ

00700 ZCONSTC(I)=(ZHEANCI)-STATN(1))/STAINT

00710 10 CONTINUE

00720 C

00730 C CHECK UNITS

00740 C

00750 C

00760 C CALCULATE TEMPERATURE IN DEGREE-DAYS FOR EACH ZONE
00770 C

00780 DO 30 J=1,NZ

00790 N0 20 I=1,ND

00800 C

00810 C CHECK WHICH TEMPERATURE READINGS BFLONG TO WHICH DAY FOR EACH
00820 C STATION. IF ITMP IS 1 THEN THE READING IS FOR CURRENT DAY.
00830 C IF ITHP IS 2 THEN THE READING IS FOR NEXT DAY.
00840 C

00850 IF(ITHAX(1).EQ.1) IX=>I

00860 IF(ITHAX(1).,EQ.2) IX=I+1

00870 IFCITHAX(2).EQ,1) I2X=I

00880 IF(ITHAX(2).EQ.2) I2X=I+1

00890 C

00900 IFCITHINCL).EQ.1) IM=I

00910 IFCITHINCGL) EQ.2) IH=I+1

00920 IFCITHINC(2).EQ.1) I2M=I

00930 IFCITHINCG2).EQ,2) I2M=I+1

00940 C

00950 C COMPUTE MAX AND MIN TEMPERATURES FDR EACH ZONE
00940 C

00970 THAX=ZCONST(J)R(THAXI(IX)-THAX2(I2X))

00980 C

00990 THX=THAXLCIX)+THAX

01000 € NOTE! SQUTH FORK BASIN PROCESSING ONLY

01010 C

01020 IF(J.EQ.3) GO TO 40

01030 GO TO 41

01040 40 IF(THX.GT . THAX2(I2X)) TMX=THAX2(I2X)
01050 41 CONTINUE

010560 THIN=ZCONSTC(U) X (THINLCIH)-THIN2(I2H))
010790 THN=THINICIM)+TMIN

01080 C

01090 CC NOTE: SOUTH FORK BASIN FROCESSING ONLY
01100 C

01110 IF(J.EQ,3) GO TO 42

01120 G0 TO 43

01130 42 IFCTHN.GT . THIN2(I2M)) THN=THIN2(IZ2M)
01140 43 CONTINUE

01130 C

01160 C CHECK METHOD OF COMFUTING DEGREFE-DAYS, IF MTHD IS 1 THEN USE
01170 C EFFECTIVE MINIMUM METHOD. IF MTHD IS O USE HEAN NETHOD,
01180 C

Q1170 IF(HMTHD.EQ.,1) GO TO 35

01200 IF(MTHD,EQ,0) GO TO 25

01210 C

01220 35 IF(UFLAG.EQ.0 . AND,THN.LT.0.) TMN=0,

01230 IF(UFLAG.EQ+1.AND.,THN.LT.32,) THN=32,

01240 €

01250 C COMFUTE TEMFERATURE IN DEGREE-DAYS

01260 C

01270 25 TEXPT(I» )=C(THX+THN)/72,)-TU

01280 IF(TEMPT(I»J)LT.0.) TEMPT(I»J)=0.

Figure C-3. (Continued)
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01290
01300
01310
01320
01330
01340
01350
01360
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
014720
01480
014%0
01500
015,

0152¢
01530
01540
01550
01540
01570
01580
013590
01600
01610
01420
01430
031640
01650
01660
01670
014680
01690
01700
01710
01720
01730
01740
01750
01760
01720
01780
01790
01800
01810
01820
01830
018490
091850
01B60
01870
01880
01890

20
30

900

0OnNEe O0n 0N

22

13N o
H

23
600

L I 2]

52

§3

94
&05
590

Do

601
602

950

e Xy Re)

604
603

990

CONTINUE
CONTINUE
G0 T0 990
CONTINUE

QﬂECK IF TEﬁPERhTUR; IE§ TO BE COMFUTED IN DEGREE-DAYS
fF(lnEGDY.EQ-O) G0 TO 570

CHECK IF TEHPERATURES ARE MAX-NIN

IFCITNAX(1).€£Q.0) GO TO 52

CHECK METHOD OF COMPUTING DEGREE DAYS

DD 600 I=1sND
IF(HTHD.EQ.1) BO TOQ 22
IF(HTHD.EQ,O0) GO TO 23
IFCUFLAG,EQ.O,AND.THINL(I) LT40.) THINI(1)=0,0
IFC(UFLAG.EQ+1 AND . THINLI(Y) . LT,.32.) THMINI(I)=32,0
CONPUTE TEWPERATURE IN DEGREE DAYS

T(Iv1)e(CTHAXICII4THINL(IY)/72:)-TU
IFCT(I+1)4LT.0.,0) T(Ir1)=0,0
CONTINUE

60 TO S90
CONTINUVE
DD 605 I=1:ND
IFCHTHD,.EG,1) GO TO 53
IF(MTHR.EQ,0) GO TD 354
IF(UFLAG.EQ.0 AND,T(1¢2).LTe0¢) T(Ir1)=0.
IF(UFLAG.EQ+1+AND.TC(I»1),LT,32,) T(I»1)=32,
TCIv1)=T(Is1)-TY
CONTINUE
CONTINUE

CHECK IF TEMPERATURE IS 70 BE AUTOMATICALLY EXTRAPOLATED TO
ELEVATION ZONE. IF NOT» USE THE LAPSE RATES GIVEN AS INPUY

IFCIEXT.EQ.0) GG TQ 950
IF(UFLAG.EQ.0) ZCON=100,
IF(UFLAG.EQ.1) ZCON=1000.

DO 602 J=1.NZ
ZCONST(JI=STATN(1)~ZNEANCS)
DD 601 I=isND

TENPT(Ly ) =T(Io 114+ (ZCAONST(J)/ZCON)IXDTLR(Is1)
CONTINUE

CONTINUE

GO T8 990

CONTINUE

EXTRAPOLATE TEMPERATURES USING THE GIVEN LAPSE RATES
B0 603 J=1,NZ
B0 604 I=1yND
TEKPT(Ir )=T(I»1)4DTLR(I» D)
CDNTINUE
CONT INUE

RFETIHRN

Figure C-3. (Continued)

110



1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA RP-1100

4. Title and Subtitle b. Report Date
The Snowmelt-Runoff Model (SRM) User’s Manual April 1983
6. Performing Organization Code
924
7. Author(s) 8. Performing Organization Report No.
J. Martinec, A. Rango, and E. Major 83B0251
9. Performing Organization Name and Address 10. Work Unit No.
677-22-26
Goddard Space Flight Center 11. Contract or Grant No.

Greenbelt, Maryland 20771

13. Type of Report and Period Covered |

12.

Sponsoring Agency Name and Address
Reference Publication

National Aeronautics and Space Administration
Washington, D.C. 20546 14. Sponsoring Agency Code

15.

Supplementary Notes

J. Martinec: Federal Institute for Snow and Avalanche Research,
Weissfluhjoch/Davos, Switzerland.

A. Rango: Goddard Space Flight Center, Greenbelt, Maryland.

E. Major: Research and Data Systems, Inc., Lanham, Maryland.

16.

Abstract

The purpose of this manual is to provide a means by which a user may apply the snowmelt-
runoff model (SRM) unaided. To this effect, model structure, conditions of application,
and data requirements, including remote sensing, are described. Guidance is given for
determining various model variables and parameters. Possible sources of error are

discussed and conversion of SRM from the simulation mode to the operational forecasting
mode is explained. A computer program is presented for running SRM which should be
easily adaptable to most systems used by water resources agencies.

17.

Key Words (Selected by Author(s)) 18. Distribution Statement
Snowmelt-Runoff Model, Remote Sensing, | Unclassified - Unlimited
Data Requirements, Simulation, Forecasting,

Computer Program
Subject Category 43

Security Classif. (of this report) | 20. Security Classif. (of this page) 21. No. of Pages 22. Price*

19.
Unclassified Unclassified 118 AQ6
*For sale by the National Technical Information Service, Springfield, Virginia 7227]76]

NASA-Langley, 1983




